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(54)Tia.: CUSTOM ORTHODONTIC APPLIANCE FORMING METHOD AND APPARATUS 



(57)Absliael 

-^n„ / """'CK' by which ah orthodonUc appliance (25) is automali- 

i ^ T^'^ff preferably from a model (20) Vf the paS 

m«Uh. to produce two or three dimensional image,, and digitizing contoursCd se- 
k«ed pointon th^patienf s teeth and jaw. From the scanned individual pat?^tdat<u a 
con^puter (30) o^«, archforms and calculates Hnish tooth position^ then dS 

O^e calculated posiuoas. Uwer teeth are posiUoned at the gumTon an arch defmid bv 
toe lower jaw bone and mc^fied to best Ht the tooth tips on a smoolS wrveC Uen u 
per ardifonns are derived fiDm the lower aidifonn. Crewn long VZ ofThe twilh ar^ 
denved and opUmally inclined in the treatment which place, a« low^t^h buu£ L 
tpids in a plane and fits the occluding teeth to them. Overiam feTA-T™., „ • 
and ««pid rise are calculated. BrackJs each baveTbi^a^a^Z «p^"to 
wh.ch an archw,™ slot is to be a.t to a custom inclination. depU^Sn^d w^v^ 

mnl^.lti'^ff.'' '"^T"" "'^ « blad'el/TSttinrlS 

(3S). -ne bolder and blade are moved by commands from a comiHiter OOc) An ard/ 
wire « autom«ical^ forced by a wire bender (40) into an ^S^Sh^lJe' 
^.pe and opUma low profile bracket design. An* equaUon, p^Krt^h a 
cubic spline equatton and are converted to the form of a seri« of drde se^n^ for 
mdune control instnictions for a numerically fonning equipm^L^^K 

f4nT JL^?'*"'^ and automatically made with numerically cont^,K;^. 
eiy (40 for pwuioning and orienting the appliance at connection poinU on the 

makmg Oie taacketa, wires and jigs are driven by commands derived from dSu«l • 
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CUSTOM ORTHODONTIC AFFLIANCE 
ft>RMING MEIBOP AND APPARATUS 

Tbo jmsent bveatioa niMtea to the dcsi^, maaufacture and use of oitbodoatie afpIUaec* for tbo 

stnigbtoiiag of teeth, tad more paitieulaily, to the amoaated dcdgB, manufoecuro. and uto of custom 

onhodomic appliaaccs bAtcd oo indhrldual paUcal aoatomj snd to tbo diagooiif of patleati therefor and the 

trcatmeot of paUcots tberewUh. 

Background of the luTCBtioiii 

The oithodoDtio treatment of patkau haa as iu fuodameatal objective the rcpo^niog or reaUsnment 

of the teeth of a patient m the petieoOs aoutb to poiUioot where they fuoction optimally together aod occupy 

relaUve iocaiioos aad orieatatioas that defiae a pair of opposed and coopcratiog plaaar, or oearly planar, 

smooth arcbec. The teeth of the two arches, the maxDlarx areb of Che ieeth of the upper jaw aod the 

•nuodibular arch of the teeth of the lower jaw, wbea io an optimal or ideal positioo, contact the *rffb of (he 

opposite arch along a suc&ce thai is usually fiat or slightly upwardly coocave and oommoaly referred to as 

the plane of occlusion. 

The treatment applied to patients who have been diagooaed as baviag teeth iasumdeatty close to the 
ideal poshioas to require octhodoolic oorreetion includes an toitisi or rough procedure to overeomo the more 
serious defecu of lootb posUionbg followed by a finish treatment designed to bring the teeth as dosely as 
pouible or practical to their ideal positions. Ihe tough treatment ususlly involves the movement of cenahi 
teeth through the use of any of a number of recognized techniques perfonoed by an orthodontist, and 
s o m e times procedures such as the extraction of cettahi teeth or surgeiy oa the patient's jaw performed by 
an oial sorgeoa. 

la. the fmish treatmeaty the orthodontist applies an appliance, or set of braces, to tite of the 
patient to csma eoaimuat forces on the teeth of the patieot to gradually urge (ban toward their ideal positions. 
The application of the appliance uiually bnrolvee the ahachment of brecfceU to the teeth, cither with Iho 

25 application of adhesive to the teeth or the securing of bands around the teeth. Thi*^ brnfterts frr "***'l1 y **^ h 

provided whb a dot through ^ifbkh an erchwiro is extended. One arefannre is provided for the upper teeth 
aad one for the lower lecih. lypically, the slots in tbo bradcett are of rectangular cross-section and the 
arcbwire is of lectaagular cr oi s-sectioa. The arebwire fautalled in tbeslots of the bncJcets hitereonnecU the 
teeth, through th'ebradcets. and excttt forces oa the teeth to traaslate or rotate tbca toward a finish position 

30 cnvisiooed by the orthodontist 
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Itbasbeea rocognoxd in tbedctlgoaad applicatioo of onbodontic appliaiiccf Out an ideally desigoed 
and bstollcd orthodontic appliance will presest the slou of the brackcu in n position to bltially receive a 
• prcahaped anbwire that will claAictlly defonn to cxot coiroctlve fotoea oa the leeth.to urgo them toward 
thehrfiniabpotitibnt. When b their finiabpoaitloat, the aichwire of the idealtydetlpedi^liAnGewiU no 
5 longer be daokally defonncd^ and W01 no longer exeit forccc upon the teeth. Achieving Ihta objective has 

been inhibited by certain probleoa in the prior ait. 

One problem presented by the prior art is that current orthodontie producu are designed and 
manufactured to avenge anatomy. Aa a result, oitbodonticta are faced with the need to selccC what ih^- 
perceive to be the brackeu and vchwirea of the dosesi design to those required by. a particular patient^ and 

10 to modiiy the designs for treatment of the paticDt. Some of this nodificatioa may be performed whea the 

appliance is hiitially installed, but almost hievitably modification Is required daring the couico of treatment 
of the patient This modifkatioo may take the form of the rtflaccmcnt of brackets, but most commonly 
requires a periodic bendmg and reahapUig of the arcbwire as the treaoacat progitssca, Tbua, the treatment 
of the patient has beoeme a manual feedbadc lyaoB b which the oithodootla moniton thepregrcsaof the 

15 patient's treatment and then readjusts the appliince, usually by beading the aichwircs, to correct the forces 

being applied to the teeth to brmg the teeth to their ultimate positions, which are leu than Ideal. As a result, 
thepatientmiQr be sufa^ected to treatment over a period that is longer than would be nececsaiy if the appliance 
were initially made to the optimum design. In aiSditioo, the time required of the orthodontist for 
implementation of the treaimcnt may be several times greater than itwould be If modification of the appliance 

20 were unnecessary. Thus, ihe oitbodontiit is able to treat fewer patients and the cost of the treatment to the 

patient orto the orthodontist is iocreascd. 

Location of the eonaeetion pomts for the ^pliance to the teeth also pnesenu a problem u the prior 
art. Typically, brackeU are beaded to thececth aad then iaterconoocted by the installation of the erchwirca. 
This la done when the teeth are b their maloecluded positions, wilh the orthodontist havbg only a 'meatal 

25 . vision of where the rmishpositioDSoftbe teeth wtU be end where the brackcu ere CO ^ 

teeth to those fmish positions. For more effective use of Ihe appliance and to piomote ease m cleaning the 
teeth,. Ihe orthodontia prefera to locate the brackeu and arehwiru away from the gums. If they are placed 
to dose to the tips of the teeth, however, they may Interfere with the teeth of the opposite areta aa the teeth 
approach thdr fbisb poaaiioos* 

30 Another problem oT the prior art that baa bhsbhed the adectloo or design of ea ideal orthodontie 

appliance for the patient is the dtfllcolty u arrivbg at an expression of theidcd Ibisb poshioa of the teeth. 
Orthodontists typically make modds of the patient's mouth and, with the modds and the aid of x<rays, 
doermbe a treatment to move the teeth to nnlab tooth positions. This process is time consumbg and 
prcacatt a source of CRor and baccuraey- From lhe-measnreme«s and based on the Judpnent of ihe 

35 orthodontist, appliance componeaU are idected to implement the prescribed ttcatmeoL In redity, the 

treatment of patieau is m many cases more of an art than a science, with resultt rangbg from poor to 
e» e dle at» and generaUy variable. 

The need forcustom manuractured ortbodooiic appliances aod the use of automatic design tr''*'*T'j « frf 
has been recognized by some, whUe oUurs have advocated adherence to standard componeate and manual 

40 techsiques b view of a perceived lade of practbat custom appliance maaufaetBriitg and *i»titm«t^ appiianee 

design systems of the art. 

The devdopmeot of automated custom appliance design lyctms has encountered sevcrd difficulties. 
Tbesedifneultia have included tbetaskof devdopmgan ainomaicd system that mdudcs rdiableand effideot 
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decitioo maldDg algorithsu aad tecfaotques for automaticAlIx dctmiabg an idea] Onish poaition of the teeth. 
Fttfihcr, iheae difncuiaes have bcludod onivuig at «a «ipicwioD of af pliaoce gcomcoy is toma thai caa 
becfllcwodypnduGedbyauto^^ Fuilhennoie,tfie prior arthaa not 

provided a way to acctuaidy suaufacture an appliaace oa aa iadividuaiized basis b occordaaee with the 
5 appHanoedcsigD. An addUiooai problem in theant nmiit/d mnA m«.Mif«-^.r .tfff ftrthtrdontic nppiiancca 

to ia the dlfficnl^f b dcalgnfaig the cuAom dea^ qrttem to take Into aceomt the profeaUoaally recognized 
parmmeten and criteria, derived over many yean from the Icaowledga and eaipcrieaw^ of the pncfcieiBg and 
dioical orthodontist^ upon which diagsosb and treatment is based. 

' Accordingly^ then it a great need ia onbodoatica for a practical* idiabie and cfficlett custom 
tfp\]aaf» tutomated deslg^ and maavlaclBring syatea, aad method of providing custom appHaaccs and 
treating patieoU therewith. . . 

fimtmi^ fff *be iBventieni 

A pri^ objective of the prescat inweatba is to provide a practical, idiable aad efOckot custom 
appliance aiitonatcd design and manufacturing system and methods of automaiieaUy deaigolag custom 
ortiiodontie appliancea and treating patients thcrewiih. 

U U a particular objective of tbe present invention to provide an automated custom orthodontic 
appliance design and maaufacturing syttem that caa be easily and reliably used by pncticmg ottbodoatiitt 
and that wUI make best use of the akUU* knowledge and experience that the oitbodontiit possesses, ft is a 
ftttthcr objective of the present invention to increase tbe aocunuj of the oithodontist*a ticatmcnt, to render 
the use of the oithodontist's lime more ellieleot. to elfaainate sowces of error and guesswoiik from the 
oitbodontirt'8treatmeotofpAticnts,andtocfricieuUy,repe8ledIysndrd* 

of the routine MUp% in tbe diagnosis, prescription and implementation of oithodootic trcatmeot and In the 
design and manufacture of orthi)dontie appliances. 

It U a further objective of the present invention to is^rove the practice of ottbodooUcs Vy aiding the 
25 Pra^S^iooeJ-ia^chievfagbplimalfiaishUealmemofpatieaUaadfaroore^ 

achicriag tbe fbish ptaccmeat of a patieat'i teeth. Ao addhioosl objective of the present loveattoa U to 
provide for tbe aceumulBtioa of data from iodividual patieau for the anatyris of the dau to advance the 
ofihodontie art. 

It is stilt another objeolve of the preseat invention to apportion the tasks involved ia the design and . 
manufactureofcnstomapplianceimostefndeolly betweca orthodontistaadBppliaocemaaufheturing laeUtty 
in accordance with the scale and other particulars of the individual prmctitiooer operation. 

Aooording to thepriociplca of the present invcatioa. aaystea aad method are provided which depart 
fhwa tradkional design aad mamifaeiure by dcslgaiag ortbodontie cpplmncea around the anatomy of the 
individual patient. Further* unlike current otthodoatie pioducte that are dealgncd aad maaufactued to 
average aoatooy, the orthodoatic producu of tbe preseat mvcnUoa and the methods of naautaouriag aad 
using them are tailored to the individual aaatooiy of tbe patient. 

In aecordanee With the prefened cadiodimeat of the pre«»t iavcDiIon. these is provided a 
computerized system and method with which finish pMiiions of the 

dialled faifosmation of aaatomical shapes of tbe patients mouth, an orthodontic appliance b automatically 
designed from the dlgltiied sbspe faformatioB aad thtf derwed tooth finiA poASnn.^ n6t it 
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geaentfid for pxoduction of Uie oitbodostie appliance and ooomuaicatfid to NC macfaSoea, aad Iho appliance 
if auioaaiieally fabricated with ibeaiachiDCi in n^aie to the nacbine code. 

Is accordance with the prefcmd aad Uhutrated cmbodiaeot of the iaveailoa, the digitized 
bfonaatioa ii geaentcd from measurcnieaU from the mouth of the patient, either Cakea. directly or from a 
model thereof, aad preferably indudee iafoiaaiisoa of the ahapes of the bdividaal teeth of the patient and 
of the paiint*a lower jaw. 

la the preferred embodimeat, the fuiith tooth poikioa derivatioa iacludee the dcrivasioa of one or 
Biore ercbfermi, preferably coafonaiag la • tkeletal tiebfotm defiaed by the abape of the lower Jaw. The 
appliaaee b alao coafigiued b aeeoidanee with the abi^ of the derived aichfona, pxeferably wttb a 
maadibular alcelcta] oxchfona bavbg size aad ifa^>o confoimbg to tb^ of theiibugb of the lower Jaw. In 
the prefcncd embodimcati, addftboal arcbforaii are coasnicttd uabg bfonaatko of the ahapes of tha 
bdhridual teeth aad the lower jaw dcdctal archfonn to defiae the poaitioaa of the buccal cvapa tad iadsal 
of the mandibular teeth, the margbal ridgea of the upper potferior teeth; and the Ungual poiaU of 
oceluiioa of the upper aatexbr teeth to posiUoa the teeth accordbg to a piefemd tieatmeat plea. 

Id certain preferred embodtmeata of the bveatbn, the digitized data U lateen by measureaeata of 
the patkat*a bdividual teeth aad the data b reduced to certab tondmarfc data that becomea Ic^ to effective 
aad efTicteat arrival at highly preferred flaish tooth poiitbu. The bdividual teeth are arnaged on the 
varioua dcrWod archfotma with ocabl and dittal contaa pobU of adjacent teeCh b cootaci. The apacbg 
between the oppofite contactpoiataof each 1^ areprcfctably caUtiBCted froaiactunputerizcd image formed 
20 bborixooial plan vicwa of the patbau teeth. Ruthenaoro, lebtWeloeatipaa of the inclaal lipa» marginal 

rWgca. gugival contact pobu aad the external furfaeca of the teeth to which the appliaaoe conaecta, for 
example, by the mouatbg of bradccu, aad which occlude with teeth of the oppoiite jaw, are detcrmbcd by 
diglUzlngveiilcalprofiteaofthoaurfaceioflhocfowDioflbe.iceth. Tbb data ii reduced to defbe contact 
pobu of the mandibular teeth with the lower jaw, such ai the giagival ccatcr poiaU. to defme crown axea 
25 of the teeth, aad other parameters that are ameaable to ouaipubiioa with a simpb aad tdiabb algorithm b 

caleubUag the Tiabh poaitioaa of the teeth. The landmaifcs also bdude inieraup and inter ridge qtacbg 
mcaroremeau that provide a basis for prcscribbg arch expansbo Ucatmcat wilhi exactness based on the 
computer aidedcalculatioaofpreciseruibhtoolhpositbns. Futthcr.lbe tooth position calculatbns provided 
mproveopoapriorortbodbnibpraetioebypreaenring crown bngaxbbdbatb 
to preferred crown long axis bclbatioa sagla for populiiba gioupa accoidiag to seed values that are 
Btatbtically hnproved upon by the present bvention. 

In ootab anbodSmcau of the bventba. bnagea are digitized to produce the tooth and. jaw ahape 
data. Preferably, the Imagea bdude aacaaadrwhldi, bone form, geaexateaa^^ 
sdeeted poinu are digitized to produce data from wUdi fuiish tooth positioabg and eppUaace deriga u 
carried ou. Alternatively, three dimentioaal imagbg of the teeth and jaw of thepatbnt b carried out with 
bserorothcrscanaertofbrnfijllthreedbttBsbnaliawgefoftheteetha^^ ^j^^^ 
may be foriaedfhws the patient's teeth aad jaw or from a modd thereof; Additboal dau b digitized by 
takbg vertical profdea of thepatbat'a teeth, either by tnebg with a computer the three dimensbaal Images 
gencrtted with other icannei», or hy Kannbg with a ncdianfcal ^ 

the bdividual teeth ofthepatfcai, or modd thereof: Tbodattmaybctdceadireeayfiomitopatfcntuabg 
CAT scans. MRI^ positron emission tomography or other te^ique. 
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Also in Mcordaooe with certftin embodtmeaU of the bveatkm, tho fuiiih U>otb potitioaiag includes 
the cOAbliibment of cuspid rite criteria by rigorous calculations made from mcuund and «»*i{e!]ra l 
aiiau>aied data so that ibe bd^ofihe cuiplda and other teedi cu 

the teeth can be posHtooed to guide the jaws into proper oechuloo. With the pttsent iavcatioa» Dumcrical 
relationship! are provided for cuipid rise that are aa impfovasent of the prior azC 

la aeeoidaaoewitb eeitaia piefcned embodiments of the ioveaUoa, aaarcbwiie fomUng machine 
that is reqmaiive to NC code is drhrco by signals geaecated by a computer that leads input dau of anatomical 
shapes of Ihe patSeat's mouth, U provided to auumatlcally fona an arcuate appliaoce that iatercoooccts the 
teeth to movo them towwd their finish positions by tocational and tnmslational force* applied U three 
ditDcaiSoueachfaytheafaiateeppliailec Generally, the aicoaio appliance Is an archwire, and tbomattine 
for forming the appliance includes an archwire forming machine that is rcspoorivc to NC code is drivca by 
signals geaeraiod by acomputcrthacreads loputdstt of anatomical shape of thepatient's mouth, prtferably 
of tho patieof s jaw and Iwth, derives tbe tooth finish positions and archwire and bncket desig^ that will 
move the teeth to the calculated finish posiUoaf , and geoeratet tbe machioe tede to pioduca the sitbwiro b 
accordance whh the design. Preferably, the arcbwires have thspes that conform to archforms related to the 
finlsh tooth positions, particuiarly to the ahape of the patient's lower jaw, and is represented as a series of 
segmeou of a coatbuous arcbwbo that eaeh have a constant radius of curvaoire over the length of the 
segment, and that preferably job adjacent segmeatt iaa smooth tranritlon,^ the segmcottlnngeot where 
they join. 

Further b accordance with certab prefcoed embodimeau of tho bveaUoa, a bracket fabrieatioa 
machbo, also rtq)onsive to NC code, is drivM by simUar signals liom a computer responsive to computer 
geaecated finifhtoothporiUoncalcolatbnsanddigitized tooth 
that Bounion computer dctennbedpoiiUonsonthotoetb tad hweriou to reedvew^ 
at computer dctenabed angles. Thefia»ricatbaofthobratketsmay bchNtotbelbmationof aslopeaad/or 
curvature to the mouatbg surfaces of the basea of the biadccta, or, a. with the uiustrated cmbodimeat, by 
euttbg custom sloU b the btaekets. In the prelerred embodbtent, tbe derign and manufactoro of the 
archwirea aad bracfcett arc btendated ao that the curve of the archwire b optbiized to mblfflbe cotvabire 
changes and tbe bradccts are opthniie to mbimize their profile., or the distance* from tbe bases to the 
archwire alou. Tho calcuUtions provide a basu for the selection of appfopriaie bradcet bbnka for the 
optimised appliance dedga. 

AdditionaUy , b accordance with other aspects of the invenUoa, one or more pbcemeat fixtares ate 
maaufiuxbredfromtheinputdaxaaadthecalcalatedtoot^ 
detembcdlqrihecomputer.torihecomiecttoDOfthespplbBcotDthetert^^ 

brackets to the teeth. Tbe fixtures preferably bdudom set of bndcci placemeoi jigs, oae for each bracket 
that U lo be mounted on a tooth, to posittoa and hold the bracket to the tooth so that it can ^ 
b ft precise mountbg locatb^. Tbe jigs of the preferred embodiment belude a tooth profile or three 
dfattenitoiial siirftee ihia fiu agdnst tho tooth to precise^ 

ft precise positbn and bdtnatbn thereon so that U can bo secured to the tooth with adbenve. 

With tbe present hiveatbn, a custom orthodontic appliance U fabricated under die control of a 
computerdirectlyftomdatatakeafromlheieetbftnd/orjawofapa^ TbeappUaace 
ao foimed, when connected to the teeth of the patient, movea the teeth of the paUeollo predsecalcobted 
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nnishposhboiwhhotttliBoeedfortheoctbodoaliatobcfulut^ As 
a rcfttlt, the onbodoDtist't Une U coiuerved, the ticatmcDC of ibe patlcot » achieved in 4 shofter aioouat of 
tifflo ind the fioUh poiUio&i of the teeth are nore oeariy ideal, and couidcatly 90, ihaa tboae achieved with 
the iiioeedttreiofthe prior ait. Fuithenaoie, the apptiance fabricaling preceaee icaaU jp the gcpegatioa of 
5 ■ dalA useful b oXshlishiDg tnatiocot techaiques and criieria that will improve the practice of ortbodoaticc 

Further, movetseot of the teeth to the fuich peihioos calculated m accocdaace with the preaent 
inveothm reaolts h far aere auble plaeenait of the teeth than With other acthoda of the prior ait which 
oftto capcrlfore oovcmoat of the teeth to iaferior positibni after the orthodontic trcatxoest u terminated. 

These and other objcctivca aad advaatagea of the preseot inveatioo will be more readily epparcnt 
10 Iron the foHowug detailed dcscriptioa of the drawings iowbic^^^ 

Brief Dcscrfptioo of the Prawfaigs ; 

flgt. 1-lFarediagnmaillustntifig Iheprefertedeaibodtmeauofthe^stcmoftheprecencliiventida, 
ofwbicfa: 

fig. 1 is a Mock diagram Dliuttatlng one pieferred cobodimcot of aa antomatcd i/dcm for the 
15 design aad maaufaaure of curtora onhodootie i^iaaccs for the trcatokeai of patiehts therewith aecordtdg 

to the principles of the preseat laveatjon. 

Hg. lA ii aa elevatioaal diagram of a video graphics haage fortnhig cstbodimeai of the dau ioput 
poftioa of ose cmbodimeot of the Bcanaer of the system of Fig. 1 . 

ng« IB is aa devatioaai diagram of a iaaer scanner versba of a three diineosioaal graphtes ima^ag 
20 em b od h nea t of a icaaaer of the syitem of Fig* 1. 

FSg. IC is an devational diagram of a aieehaaieal tooth proflle probe scanner versioa of a two 
dimeaiioaal haagiag poittoa of oao cwbodbncat of the tcanbcr of the sycicm of FSg. 1. 

Fig, ID is aa icometrie diagram of oao cmbodiamit of a bradcet cutting device of the^stem of. 

25 ' FSg. IE is an iaomclrie diagram of oao cmbodifflcat of a wire forming devicie of the lystem of 

Flg.1. 

Fig. IF is aa isometrie diagram of a bracket placement Jig formbg device of the system of Fig. 1. 
Figs. ^2Z are flow chart diagrams of the preferred methods of canyiag out the present hiveatioa, 
of which: 

30 FSg. 2 tsa flow chart of oaeptefcrred embodiment of the process of the present iovcatioa performed 

with the wfttm of Flg^ 1. 

Fig. 2A is a more ipectfle flow chart Qhutratiag the stcpi of the i&put proocdore of automated looth 
positioaing and appliance design and manufacturing opcratioD of the process of Fig. 3. 

FSg. 2B b a Bkore i^ifio flow chart iUutlsatbig the stcpa of the aaalyiia ai^ 1^ 
35 calculaiiny procedure of th e awtiwnlffd loath poMtkinti^ tmA upplUiifti. Ai^p» ■ml -%anuffc«*^.f|in ff|fff ntlftp 

of the proeeas of Fig, 2. 

Fig. 2C is a iBoreipecific flowchart Qliuaatiag the steps of the eortom ^pliaaee design procedure 
of the amamaied appliance dedga and manufaffmriag opctatioa of tho piocc« of Fig. 2. ' 

Fig. 2D is a more spedfto flow ehait iUuctnllng the lUps of the coitom appliance maauCketufing 
40 procedureof theaoiomaied tooth positioaiogasd appliancedecignaad maoutacuiting opentma of theptocess 

ofFtg.3. 
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Hs, 2B U m dctaOed flow cbtit Oliutxttbg the tubrtcpi of the ideatincttioa 4aU Sopot ftcp of ibo 
input proceduco of Rg. 2A. 

Iig» 2F iiadctatkd flow chart iUosMiogllMBiibitcpt of tbepalieiahistoyyudc^^ 
step of ths isput proeeduie of fit* 2A. 
5 Fig. 26 b « dcuikd flow chut nimtxating tho tuboqis of the m**Ti>frv'nr booe ud horizootAl looib 

dimension lUU bput itcp of the input procedure of Slg, 2A.' 

ng. 2H b • deiaSed flow chart iUunting tho vubocpi of the muuliaxy horixo^ 
dau iaput sup of the Input procedure of Fig. 2A. 

FSg. 21 if A dcCaSIed flow chait Ulustnting tho tubsttpi of the isff ividual tooth vertical proflle data 
10 input cup of the iopvt procedure of fig. 3A. 

Fig. 2J is a detaUed flow chart iUuMlng Ibe wbiups of the individual tooth profde analjab and . 
laadnaric idcatUicalioa step of the aaalytis procedure of Ftg. 2B. 

Fig. 2K it a detailed flow chart illudratlag the tubiteps of the cu^ld rise calculation cup of the 
anal/ria piocedure of Fig. 2B. 
15 ilg. 2L if a detaQed flow chart illustrating the cubstepi of the sundibuiar preliminary horixoatal 

tooth fiaiob position caleulaUon step of the analysis procedure of Fig. 2B. 

Fig. 2Mis adetaHed flow chart iUustratingtbesubsfcepsoflhebcst fltmandibular cusp arch equation 
caleulatfen ttcp of the analysis procedure of Fig. 3B. 

Fig. 2N is a detailed flow chart illustrating the substeps of the calculation step of the mandibular 
2D tooth finish position on the best fit mandibulBr cusp arch equation of the analysis procedure of Fig. 2B. 

Fig. 30 is a deuUed flow chart iOusinting the substeps of the maxillary horizontal tooth ^ 
posltbn calculation step of the analyus procedure of Fig. 2B. 

Fig. 2P IS adctalled flow chart Ulustrathig the substeps of the mandibular archwire plane^alculatbft 
step of the appliance design procedure of Fig. 2C. 
25 Fig. 2Q is a detaPed flew chart iUustratlng the gubngpi nf the m»ad^n\mr hnuSttt 8tirft n»* t5? * 

calculation step of the appliance design procedure of Fig. 2C. 

Fig. 2R Is a deidled flow chart illttsttBtiqg the siAstcps of the maxtllaxy archwire plane calculation 
step of the applianee dedgn procedure of Fig: 2C. 

Fig. 2S is a detailed flow chart UlusirBiiog the subsups of the maxillary brsdcet slot Inelinatbo 
30 calculation step of the. sppliance design procedure of Fig. 2C; 

llg. 2T b a detailed flow diait iUiisixating the sidmcps of iba nandn^ulsr ar^ 
in-out dimension calculation step of the appliance design procedure of Fig. 2C. 

Fig. 2U b a doailcd flow chart aiustratistg the substeps of the majtillary archwire and bradccc slol 
in-out dipeasloa caleulatloa step of the appllanee design procedure of Fig. 2C. 
35 Fig. 2V b a d^ed flow chart summarizing the substeps of the bracket placement Jig shape 

calculation step of the appliance design procedure of Fig. 2C that b Stustrated in moredetaa in the flowchart 
of the jig modifteation step of Fig. 2Z described bdow. 

Fig. 2W b a detailed flow chart Okistratbg the subsups of the cubic spline cutvoTnting, tpllno to 
circle cosvcnioo and tooth placcmeat calculation subroutines capbyed In placbg teeth on y^lf^flnrrd 
40 archfonns h certain steps of the tooth poshbnbg and appliance design and manufacturing opaatlon of 

rig,2a 
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.g. 

Kg, 2X b a ddailod How chaiti Uuttttiag the NC code gmenOon ud iloc ciillb{ mibtfepi oftbe 
bxtckct maauracturiog ftep of tbc procedure of FSg. 20, and Rgs. 2X-1 thiougb IX-d axe moro dcUiled 
llowcliazts UluttnaDg nibfttpi of Slg. 2X. 

SIg. 2Y b a doailod flow dun of the nibAcpt of the wire beading eode geaentioB ud wire 
nuurofecturiag stq> of the ^ianoe auou&ctuvi&g proeedure of 51g. 2D. 

fig. 2ZbadetuIed flow chut OtttOiaUBgtbe fubAcpt of thejig nUDufaeturing atcpofUiOBppUuec 
nanofartuxfag procedvie of Kg, 2D. fjgk 2Z-1 through 2Zr4 ate n^re detailed flowchaita Uluttntbg 
detail! of KubiUpa of fSg, 2aS. 

Rgs» are iUuitradoiu of grapbiet computer images prodiKcd to the bput procedure, b which: 

Fig. 3 u a aa example of a eomputer display of a video image gcaented by the icaaner of the aystoffl 
of iig. X iUustradog Id a lop plan view a maadibiilar modd produced bj the acaDiier oftbe !>pe tbowa in 
Fig^lA. 

Hg, JAiiaaa cxaapleof aportioa of athrcedimcDsioBal iligiial inago* Ulvatntfcd b pcripective, 
aad produced hy the teoaacr of the ^ ahowa ia Fig. IB. 

Hg. 3B ii an Qlustnoioa ilmilar to Fig. 3A of another poitioo of a three dimeatlofial digital image 
produced by the tcaaner of Fig. IB. 

Hg. 3G ia aa example of a set of vertical tooth profiie images produced by the tcaaaer of Fig. IC. 

Figs. 4-4E are plan viewa of the teeth of the patieotoa tooth ptaoemcat exdfoma at variotts itagcf 
of the tooth pof tUoo calcolatioo procedure of Ftg. 2B. of which: 

Fig. 4 b a geometrie dbgian iUustraiiag a horizootal plaa view data input aereea showing 
' diagraanatieally the video image of Fig. 3 used aa a icaplaie, whb variables rdevant lo'the digitization of 
data from the mandibulBr video image marked tbcveoa. 

fig. 4A b a geometrie diagram nmSar to Fig. 4 for the auutaUary ff«n h. 

Fig. 4B b a geometric dUgram plotting horisontal maadibidar archfoims calcidaxed through the 
■oajyiit procedure of FIg.-2B. 

Fig. 4C b a geometric diagram plotsbg horixoatal maxiUaiy aiehfoma calculated througli the 
analyab procedure of Fig. 2B. 

Fig. 4D b a horixontai plaa diagnm ahowbg the maxUbiy teeth ia their flnbb positiona. 

Fig. 4£ b a horizontal plan dbgram diowiqg Ihemoadtbular teeth io their flnbb positiooi and with 
the cuttom appliance In place. 

Figs. 5h5P aie marhmwirirnl ealeiibtioa diagtama foriefcfoiee m coaneelioe with ipliao te eirele 
cooverston and tooth ptacetaeot routlset of Fig. 2W, in whidu 

Fig. 5 b a horizontal plan diagram illustrating the pbeemcat of atooth on an arehfona eqoadon 
deacribed fa drde ae^eatf fom. 

Figs. 5A.-5JarodctBiIed dbgrams of thoapliaeloelrcleconversioDaod tooth piaceocac e^ 
Figs. SK-5P are detaSed dbgrama of the tooth pbccmeat fubroutiiie. 

Figs. 6^ are dbgraat of tooth profiles ilittftrating landmaric determioation^.tooth inclination and 
vertical positioiUng. fa which: 

fig. 6banbooe«ricimageofathrte^Iimea»tondcomputeriiedrepre8eetttIoB,staiilario 
of a molar ahowfag the locatioas of altemaOve vertical labbl-lugaal proflle planes aad tooth profiles. 
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Hg. iA 11 1 mathcmftticai tooth proHlo plot m illiutnted oa thoeonputer wcnen of a tbe tytfem of 
ESg. 1 of A maodibular moltf sbowbg telccted laadmaxfc panuBcten. 

tSg. <B U ft iM t hrmntlcal tooth profile plot, ilmaaf to Fig. €A, of a papdibclar cuipid or iadsor 
ihowiag idoctod Uadmafk pcfaacttxa. 
^ n«. CC ia a matbemalical tooth profile plot. tSmilar to fig. of a maxillaiy nolar or bieuapiil 

(bowing Klected laadmaifc parametera. 

Hg. a> is a miahwiiwr i c a l tooth prafde plot, dmilar to Fig. of • maxjUsij cupid or incisor 
ibowiog iclectcd taadmaric paraxncun relevant thereto. 

Fig. CB{areprcscsiaiioaofadi^U7,aIinUBrtong.3C»ofaoainyofmBtha^ 
10 ploti of aU of the ieetb» angularly oricatod. with laadmaikpaiametccimBi^ 

Fig. U repreacotatioo of a di^tay of an amy of matbemaUcal tooth profBe ploU, limilar to & 
poitJoD of Ftg» €E, of the mandibular teeth with wofkiog hoxizootal placemcot planes marfccd thereon. 

Fig. (6 U mathematical tooth pfofUepIot^ahnaar to Fig. CA, of amaodibular posterior tooth with 
rdevant diaMBtwsa! variables for placement of the tooth Biailced thereon. 
^ . Fig. is mithematical tooth proflle plot, similar to Fig. of a mandibular anterior tpoth with 

lelevoot diascDsional variables for the placcmeot of the tooth marked thercoo. 

Rg. a is nathcautical tooth profile plot, simUar to Fig. €R, of a the tallest mandibular tooth. 

Figs. 7-7I> are diagrams for rdTereaoe bi.eonaeGtioa with the fmiah tooth position ealodation, of 

wfalehs 

20 Fig. 7 is an eleratlonal diagram of die relatioasbip of the Jaws of a psUeat for illustntioB of enspid 

rise ocetusipo calculalioa. 

Fig. 7A is an enlarged view of a portion of Fig. 7. 

Fig. 7B la a plan mathemstieal diagram illuctratlag eettain of the mathematics of tooth placemeat 
on the mandibular offset arch. 

25 Fig. 7C isapenpectivediagnm UJurtraling the relaUonshIp of the vertical tooth profde planes and 

relevant horizontal arch planes in the course of tooth finish posUoo calculation. 

Fig. 7D is a act of related devatioaal profilea of mandibular and aaxillaiy teeth sbowug ocdusal 
and overlap relationships in the course of tooth flniah position ealeulatioos. 

Figs. MH are diagrams for refeieace in connectioo with the npt of the custom appliance design 
30 procedure, of which: 

Fig. 8 b a diagram aimSar to Ilg. 7D iUustratiag archwire plane and bndoeft slot design on 
positioned teeth. 

Fig. 8A is an elevataonal diagmn illustrating a bracket and dot configuration in c^nnmicm whh the 
diagram of Fig. 8. 

Fig. SB U a top view lUuitrating the rctatkw of a tooth to an arcfaform by pbecmeat routine of 
rig.2W. 

Fig. 8C IS ft tooth proHle diagram illustratkg the ilot in-out dimensioo caleulatioa. 

Fig. O) b aper^ectivsdiagiBm iUttdradng theplaecffloit of acustombia^tmto atooA 
use of a cuitom plaeemeat Jig. 

Flgi 8Eb a plan dbgram of a custom ar^wire for the appliance required to move the mandibular 
teeth to the fii^'poaitions Uluitrated b Fig. 4E. 
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ng. SF u aplaodiBgnm SluitnUngthe labUl inoallated epptUnceoa chb teeth of tbepaiieot b their 
iaiUal positions. 

fig. 86 is « plaa dmsnm, mmilv to Rg. 8F, iUustrmtbg 4 Itagual A|)pliAace installed od the teeth 
of tho ptfkaL 

5 FSg. 8B b an devatioaa] dbgnm ilinanXing an orthodoutie Ibgiul bracket of the appliaaee of 

ng.8G. 

Ffg. 8l 'b a top view of a brscktt havbg a base sloe curvature coofonnbg to that of an orcbwlre 
supported therein. 

E1«s. 9>9W are diagrams relating to appitaoce manufacturing itcps, of which: 
10 ngs. relate to substepi of the braclcct slot cutting code generation and bracket manufacturing 

slq». 

Figs. 91*9 W relate to the nibsteps of the bracket placement jig maoufacturiag step. 
Deteiled DmintSfln of Ihtt IWayKiio^* 

Tho preferred ctnbodiment of the tovenUos providee a wyaaa and method for designing and 
15 manufacturing onhodonde appliancea and for employing the epplluces to orthodootieaJly treat patientt for 

the stnigbteoiag of teeth. Unlike traditioiua oxtbodooUe producU, however, the apptiaDcos mniltiog from 
the practice of tbopreeeat invention ore designed around the anatomy of the bdividual patients. Uforthcr 
incorporates u its design criteria the parameter* and professional ticatmcat ipproaches of the treatbg 
OfthodofltisUp and applies automated decisloa making proceaMa ia the app»aat>ad«ign thi»i t^y^ hifff nffroTint 
the professionally recognized characteristics and landmarics of the patieota. 

TheoveraUconrtguratioaoftheiystemlOiBlllustraioddiagiwttmatieaUyiang.l. TbeovccaU 
operatiotts of.thc preferred method of the invention ore illustrated in the flowchart of Rg. 2. 

In aoeordaoee with the preferred embodimcot of the ioveatioa as iUustraied In Figs. 1 and 2, 
ffx nmina r ion of a patient b performed by an oxthodootbt at the oithodontist's oIHce for tho pnrpoae of 
•«wbliqgtheinfoTOatloaiiceea«arytod<acminethcpaiicot*sco^^ 

and q>ecify the type of orthodoatie appliance to iqpleoient the treaimeoL The infonnation u then 
communicated loarcsnotdy located applbocedesign and manufacturing facUiiy 

appliance for use ia adaioiucrtng tho treatment b canied out with the use of computer oaolysb. The 
applionoe design, together with the information neceasaiy for the oithodoatbt to install the appliance on the 
patient btheo transmitted bade to the orthodontbt, wholottaUs the appUaaceaod odminbters the treatment 
in accordance with the sppliance nanufacturca instnictbas and luf own piofesaiona] coipcrtbe. 

In acoordaaeo with alteraaUve embodimeau of4he inveatioa, digitizaUoo of anatomical Informatioo 
for ebmputcricpwbperformed cither nttho appliance design and mMufactura^ 

at bboOice, or preferably dinded between the two. Similaify. the present mventien contemplates the 
35 manuCacture of the appliance to be performed at either the appliance manufacturing (acUity, at the 

orthodonttsu office, orprefcnbly divided between tU two locations and in accordance with theanolytUond 
design provided by the system of the pteaeat invention. 

The practice of the present invention mvohres tho use of certain system baidw^ 
of informaUon. and commnnjcations paths desc ri be d below to connection with Fig. landieiatcdUlustrBtioas, 
aadtbeperforoanccof operations, piocedureaandst£j)sdescribedbeottnoctioo with U»no^ 2 
and related diagrams, all u set foith b detaO below. 



20 



30 



40 



10 



WOM/1093S PCr/US93/10858 



Througbout the deser^tioa, references »re made to t«agib1e elemeou iUustrated in the dnwugi aod 
lo aoiooa perforaed by faaod and by coai|>uier. la the descripcioa, ttumbcis used to refer 1o itnictttre or 
other toa^e hcmi Qluctrftted bi die drawiogi «r the prefened enbodfancoi q>pew In ooovcatloiul fonn in 
the text, while oumbcn thsi refer to method iteps to the Qliutraiod flowchart are eadoscd ia partathesee b 
the foUowiog deccnptioa. Uoer lymboU are uied to refer to geomefirie or auabcmatical rcpreseatatioaa of 
variaUeap panmetert, dbneotioot aad values, ii^ut into or calculated by a conpuier, lie ioto eqvatioai aad 
dittgrams tllustmed in the dmwingf , or eonespond to computer codei or conceptual items sd forth hi the 
disdoaure* 

ThrooghoUl this deMr^tioo. the various teeth of the patieot, up to thIit/>two in oumber» nay be 
uleiit>liedas2^or7t^^,whetoJdcsigaatcsthBjaw(appcr:/^ m J),wbcre5desipiBtes. 

thesideQ>aUcat>rigbU5 » X;patieaC*sIeft: 5 «L)»and/dcsigaBtesUiotoodiby pottUoarclaave^ 
jaw tenterlifio as f^Iows: 

' Ccotral locicor 

15 / Lateral Incisor 

Cuq»id 
1^4: FirttBicutpM 
imSi Second Bicuspid 
/ «t d: First (6 year) Molar 
20 J» 7: Second (12 year) Molar 

imS: Third O^sdom Tooth) Molsr 
The wisdom teeth are, however, customarily not involved in ottbodootic proccduio aad mtify are sot yet 
presenl b the mouth of paUeaU of Crcatmcm age. Furthermore,^ the second molars are often not bivolved 
in orthodonde trcatmeat To ahnplify the deseriptioa aad drawings, however, these desigaatbos am 
25 elfantoaiedewep«whereth^areooccss4uytoavoJdambigui^. loitead, the deseriptioa betowsutes verbally 

whea k relates to. for example, the lower jaw (thus mskiog use of the J subscript uonocesssry) or where it 
rdates to data or calcalatioos relevant to a particular or cither side of a jaw (dius making use of the f 
subseript uaaeeessaiy). 

Further, mnxsy values are calculated or measured for eacb tooth /, or for eaeh of a tiraited groiy of 
30 teeth, as, for example, the mcsto-distal width KDYf or the mesial and distal egdrcmities JM^, and D^j as la 

Ihft description of step (300) below. Wherever pos^Ie, the / designaikm U ilso eliminated and tbo 
descripUoaiaBtfad describes how the variable* idate to the various teeth- la additba, where aome values 
such nMMDW discussed above relate to a tooth dimeofioa or the distanco between two poinU on a tooth (and 
may be represented by a scaler value ra a computer), other values such aa the poiaU ifj^, aad relate to 
pbinti If and D, rapectlvely (and nay be represented by a pair of X and r coordinates b a computer). 
UsuaUy, the Kubscripu designating the two coordinates arc omioed, aad where bdpfid tp dariiy the 
descriptba, a smgleoae of the subscripu Xor r may be used, such as with DjOt Dy, to designate that only 
the X or ITcooidbate la employed, for cxas^le, b a calculation. 

KVgraMf!QNirfr!tTB^^f7ffl 

40 Referring to the system diagram of Fig. 1, aa orthodontic appliance manufoctariag 'aod paUeat 

treatment system 10 is Ulustrated. Tlie lystemcomponcntt are distributed betweca two loauteos, a doctor's 



35 



wo 94/10935 PCrAJS93/10858 

-12- 

ofnc«ll,an4Ba«pplt&iK»desisD&iuiiaKnufBcturiDg£iic3hy 13. Attlic doctor's office U^apAtleot 12; who . 
rcqukct ottbodootietreatneat, u eaumined by ao oithodooUa 14, who makes ftdkm;oo«i«. 15 of Ibecopditioa 
of the paUoat ood of the trcaKmeaW if vay. Deeded, tbe OTiimination lavolvee the tradUioiua applicatioo of 
the duU» loMVwledge aad capcrtise of the ottbodooUtt aod re^^ 
5 16 of the aajoomy and coaditioo of the mouth IS of the patient, of the trcatowat proposed^ and of otbcr 

InfoxBiMioa oeccacaiy to the pieparatioa of aa orthodoatio appliaaco. 

Tbcfoeorda 16 prepared by the oitbodoatitt ioclitdeaphytical model 20 ftom amold of thepaticaL** 
mouth U» wbkh iocludee a mandibulai- model 21 of the paticst'i lower jaw or mandible 22 and a maxUlaiy 
model 23 of thepaiicat'a upper jaw or aaxtUa 24. The reoordi 16 alao Include picacripdon 27 wbcrelii the 

10 oiihodomUt actt forth a treatment to be applied to tho.patlea t an d m iteuli to bo aAlwed ty. the treatroca£ 

Tbepitaci^ptioa 27 may alio toclude a ipecificatloB of tcchalqucithat are to be included la the treatmeat 
and a designation of an oithodontie appiianoe to be employed. The teopida 16 will ifwther iadudo 
identifkatioa iofonnation 17 and patient histoiy infonaation 19. 

In the ithutnted embodiment of the laveatioo, ibe rccorda 16. am traamltted to the appliance 

IS manufacmriog CBdliQr 13, at which the finish position of the teeth aic calculated and a custom appliance 25 

is designed and manufactured. The faoili^ 13 ia provided witb.one or more trained operatora^. In some, 
cnibodimeatt, the physical model 2D itself is transmitted in the information 16 to the lacQi^ 13. Ia such 
eases, one of the primary fuoctiona of the opcrstors 2B is to input digital Information 26 from the records 
16 into a eomputer 30a. Another ftmction is to i^icrBte the same or another compottr 30b to design the 

20 enstom appiianoe 25* and-to opcnle NC equ^meat 3B eootroUed by one of the aamo or another eomputff 

30c to Baaaufactare the appliaaee 25. Where the iaputi^g, desiga aad'maattfaetare are pecformed at thto 
appliaaee fadliQr 13, the eompuicn 30a; 30b and 30c may be the same coisptttcr 30. 

Ia other embodimeata of the inveatioo, the orthodontist 1 4 digitizes data from the model 20, in which 
casetbeinputiageoniputccdOisloeatedacibeoitbodoaiist'soinee U. In these cmbodimaita, the digiiixed 

25 informatbn 26, rather than the physical model 20, is transmitted to the appliance facility 13, The analyzing 

and appliance design computer u aonelbelcss preferably at the appliance facility 13. 
* The entiy of the infoimatioo into Ibe input computer 30 iovolvec a dlgftiziog of Urn bformatioft 16^ 

to produce the digitized anatomical iorormattoo 26 ia machine readable form for analysis by tiie analyzing 
eomputer 30b. tbe input computer 30 connected thereto by a aeanner 33, wbieb, in the altenativo 

30 embodiments of tbo bnrcntion, includes equipaiem Chat employs one or nmse video camerae, "^r-lm ni-il 

probes, laser scanners, ultrasonic scanner*, nmire iamge aeaaacfi or other forms of imaging or measuicaMflt 
hardware that alone, or in combinaiioa with oiber such compoacats', produce f n*«»ra ifal geometric 
iafonaatioa that describes the patient's teeth aad jaw. Tbe intagce may be three-dimensional or be wi^t* 
along a plutatiQr of plaoes or other suriacei^ that can ultimately be eombiped to provide iaianaatioa ia three 

35 dimeosidns. 

Tbe combined information from tbe scanner 33 of the iUustrated embodimeot provides a basis for 
tiiroe dimeo^aalaaalysis of the psiieat's teeih aad from which caieulatioas of Gaish tooth positioas can be 
made. From the final potitioaal calculr tions and tooih anaiomy data, auiMMtSe de«ljft |ff <i pi Tf« ff ftint ^^f 
the custom orthodontic sppliance 25 is catried out la the tUuitfated cmbodtmeat, tbe dau Is ioiaged m a 

40 plbnlity of differently orieated two dimeasioaalplaacs b the computer 30, Ihea matbeamically oualpulated' 
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And conbUied in the computer 30b to coottnia a three dimensional solution to the looih positioning and' 
•ppllance design pfobtems. 

In n oonfiguntion u wbieb the scanner 33 is connecCed to n separate dedicated tnpuUog oomputer 
30 is herein described, the functional equivalent of the inputlng conputer 30 m^ be induded fai cbeoiliy 
5 within the scanner 33 itself. 

Prcferabiy, the dighal input process utilizes iatcsaccive methods by which an opcntor 28 uses a 
pointing device and digitizer Co selea paitkulaify useftd orthodontic pstamelerfl horn gi^hics j^ fiT 
produced by the scanner 33 on a screen 35 of a display connected to the thputing computer 30. 

In c mb od i mcn t i where Bome or all of the cjttraction of the digitized in«trtm '''^l bfoimatioo 26 from 
the modd 20, which mqr also bo derived dinctly fiom the mouth 18 of the patient ^ 
the onhodoodst 14 st tbe oiibodoottit*s ofTice 1 1 , the bronuuloa 26 is digitized by the oxthodoatist 14 then 
transmitted ai part of the information 16 to the appliance design center 13. The transmitted information 16«' 
b piefcrahly transmitted from the orthodontlst'a office 1 1 to the appliance facility 13 by modem, but may 
be transmitted b' any other sevailsble manner. 
15 An analysb and design computer 30b, preferably at the aj^liance design facilttf 13, produce* an 

archive dislccOe 34 thai is formatted and written with all of the relevant information of the analysb and the 
hittoiy and prescribed trestmeot of the patfcst 14. 

The computer 30b at the applbnce facility 13 calculates, based on the digitized bformatlon 26, die 
fiaol position of the patient's teeth, and the conflguratbn of the applisoce 25 required to move the patient's 
tedh to thbnoal or finish positipo. As a result, calculated informafiba Tor the patieocb stored be patient 
.data CJe 36. From the csiculiUoos the computer 30o produces CNC readaUecode 42 for opentbg 

NC oaaufacturbg equipment 38 to produce the appliam 25. Aa bstractbn document or file 37 b also 
produced, either by the computer 30b or the oomputer 30e, of bformatbo to aid the orthodontist 14 b 
trcalbg the patient 14 with the cssom appiianee 25. 

The manu&cturing equ^ment38 includes an appliance bradcetcuobg or foimbg machbe39 which 
produces custom brackeU for the appliaoce 25 by cuttbg slou r*ln?lntfi1 angles and to calculated depths b 
slodess generic braeketa. Ihe maefabe 39 may abo or alternatively sb^w the ourfacea of the bracket bases. 
This provides the bndcct dtslga opUon of torquing the teeth by ieiiher Che biacket slot or base, as m^ be 
best for varbus bracket materials. 

The equipment 38 also betudes an applbnce archwire bendii^ or foimbg machine 40 whbb 
produces custom shaped archwircs for the appliance 25 by lecdbg and bcodbg wire of any one of cevcnd 
evailahb materials awl stiOoesscs bto the custom archwire shape. Tbo cqu^meat 38 may also tndude a 
maelOne for formbg patient Creatmesc compooenU and hardware to aid b the manubcture or mtfi>tii»f ffn of 
the appliaoce 25. In the iUustrated eabodhncot, thb bdudes a machine 41 (or the makbg of bracket 
35 plsccment jigs, which cms each tooth crown poxtbn of the tooth profOe into a plastb form, along with a 

superimposed cutout of the poshbaed bracket, for use b accurately bstalibg the custom brackeu b their 
calculated positbnB on Che teeth. 

The appliance manufacisring machines 38 may be connected directly to the analyzing cpinputcr 30b. 
or one or more tuy be c o nae ct cd to aseparate manufacturing cqu^mcatcontroUing computer or machine 
40 eQatiolbr30e. The eomputer30e may be located at the applbnce facUi^ 13 or, together with one or more ^ 

of the appliance manuftrtiir bg machbcs 38. 40 or 41, be located at the orthodoBtbt'a office U. laone 
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prefentd embodimest of tbe iavention, oso maaufacsurtng eompuicr 30c ftod the bracket euttiog iuehiae40 
ace located at the onhodoatist*! office, along whh the scaoocr 33 aod input coapuser 30, which nu^ be the 
samecoBputcrBatbeiBaottracOiriog conputcr30e, whDeaoothcriuauracswi&gceDtnl ooiiipDicr30e, wbkb 
nugr beihe aaalyzhig coteputer 30b, the wire beading maehlse 40 «ad ibejig fbimbg machliie4 1 areloeated 
aKtheappIiaocefecSity 13. TheoptuniimdittibuUoaortheeoopttten30,30b ftod30te«adtbec^^ 
aad appliance naauiTacturiag machisea 38, 40 and 41 will bo detenatoed by the acalc of the onbodooiirt's 
practice and the oithodoatirt't prefefc&cea. la the iUttstnted cmbodiacat, the computeis 30:30e ate IBM 

rcdODea,wid)]ntd80386or 80486 micnproocttonahdcqu^pod whh 80387 or 8^ 
recpecUvely, 

Cotab componeata of the syctem 10 of Ilg. 1 axe deseribed below ia fwtber detaB. 
Scannlttt Afftmhlf 3^ 

Three cupt in Ihe information Input pcocedure (82), described below, involve the toputing bto the 
coinpmcr30» foranalysif in digital fona, of dataeoocenrng theahape of the mouth 18 of ihepaUeot U and 
of the ihapea of the bdividual teeth thereto. Id these cupa^ di^Uzed images and meaaaremeei data of the 
mouth 18 of the patieot 12, preferably takes indirectiy from the model 20, and digitized to form a three 
dbaesiioaal nuifhfmMi cal model of the paticsi's mouth 18. The mathematical model hwludes, b the 
prefcRcd em b od i ment of the iaveotion, thedefinitioo of ecctaia parameteit of tbo paticat'a lower jaw and ' 
individual teeth, and may belude aome bformaUoo of the bitiat position and orkntatioa of the teeth b the 
mouth 1 8 of the patieei 12 for evaluatbg the magnitttde of the txeaimeot. 

Ihe input information 26 ls» b some eaobodhaeoU of the iDventloa. bput as a full tfazee Him..^^ff,m| . 
image, and then timplincd by reducbg it to a plurality of curvca m a pluraliy of differently orbated planes 
or fairly flat oorved surfaces, each defmed b the bdepcadentX>ycoordinateiysteffl of the rcapectivo Surface 
orplane. Is subsequent analysis. ihtM planes are otsciUed,traadalfid and rescaledii^r 
b arrivbg at a derivaUoa of the ideal fiolih potidoas of the teeth and the design of (he custoin appliance 25. 
In accordance with the piefcned embodiment of the invention, curves and pomu on the contours of the jaw 
and teeth of Ihepatleot 12 are expieesedblenns of accepted or generally applicable orthod^ 
w thatmanual and aoiomaieddeeisioa makiog can eoabbeasdcoordbatethebeiiof orthodondeknowledge 
and experience with the efficiency and precision of computer oaslycts to mmimize the use of the 
oz(bodontirt*s time, shorten the patieot^s treatment paiod and opUmize the Ibal treatment result. 

Ihe various ^es of and components of the scanner 33 of varbus cmbodimenU of the iovcotion are 
. described below. 
VUm Seannin, Data inout Atf^, 

One prefened foim or conpoaeat of the scanner 33 includes a video tmagbg assembly 43 as 
IUuttratedbn8.1A. Tl»videofa»agbgasaertbty43fadtMJesooeornorevideoianiet«a44whk*ea^ 
produce two dimeosbnal Images of the patient* a mouth 18, preferably by formbg an imago of the model 20. 
When two or more are used together, the video afsembly 43 produces stereo Imagea capable of bebg 
resolved b three dhaensbns. b the iUnstratedenibodbient of the hrratfon, a sbgle video camera 44 
employed to produce two dimensional video images of a plan view of the padent'i lower or upper jaws 22 
and 24, from (he models 21 or 23, respective^, b generally horizontal X-)rplaaes. In accordaneewiih this 
embodiment, other fonas or oomponinU of the scanner 33 are preferably employed to preduee bfonaatioa 
b a third dimension as described below. 
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Rcfcning to.Ilg. lA, tbo video imaging uscmbty 43 if ibown diagremmatically ia tide elwfttioa 
at the BppliftBCB fluwu&ctURr't faeilitjr 13. The video imagbg aucmbl/ 43» ia iu piciemd fbtm, it aa 
opcntorcoiapuur grapltieal iatofaceihat ladudei tbo video canen 44 ooonectcd to 4 video iaUxfaeeboeid 
44d ia ibe input compmer 30. tlie cuien44 bmointed one iund45 to (ece dowowardtj lo fom a Cop 
pin vienr cae of ono of the hilvea 21 or 23 of the nodel 20, shown «■ the mBodibulv poxtioo 21. ia Fig. 3. 
oa a horizoatAl luppoit 46 ettaehod lo a baae 45a of the suad 45. The model half 21 or 23 ii poaitioaed oa 
the. Kupport.46 aaeb that the Iseib ike iipwardly toward the canera 44 asd ao that the tips tbeteof tie 
geocnlly ia a horizontal pjaao that is maii^taioed at a kaown faed distaoce from the camera 44, to that the 
aealooftheimagefonDedb3rthecafflexa44ialcaowa. TbUmaybeaccoaipliahedby nouatiogtboaiippoct 
46 oo iprugi 46ato arge the aradd half 21 or 23 upwardly egaiait a traacpaicat *»'*riT^nt^l plate 4Sb. 

The bput coapttter 30 has conacctcd thereto a poialing device which may be a mouae 47a or, as 
showB, a moose equipped digitizer board 47. Tho camera 44 produces a graphics image di^lay 48 oo tbo 
Bcreea 35 of the computer 30, which aa operator 2S may aliga With the astistaaca of a positiooiog grid G 
(ng. 4A). Withth6digkaer47,tbecpctatoradeGtapointobjpositioDbgacttf*cr48aoathefcim35^ 
the mouse 47a. The selectioia resulu m the storage of X 1" coordbate diU for eAcb of the pobu selected. 
The polou selected, b the deact^oa of the prcfcned process below, correspood to preselected boundary 
pobtsof the teeth andi from the maodibular model 21 » the lower jaw. RomthcMtop vfewbouodaxy poinu, 
tooth aad mandibular jaw dimeaBions are calculated. The calculaied dimeasions are used b aaalysia steps ' 
to calculate equatbaa for the maadibular booe atcvcture or naaadibolar trough JMT aad to calculate irom the 
trough ecpiatba and tbecaleulalcdhorizootildinieosioasaod rdativepositioos of features on bdividual teeth 
the fiaish positbns of the teeth. 

la the alteraativo to sdectbg pobts from the video Image display 4», the same points may be 
selected b the same laaaoer from a plaa view video image of a digitizod threo^limcasloaal oomputcrized 
Jmageoftho teeth aad jawa, such as aa bmae formed by a lager aeanaer, t«m{t«Strt^**^^ y *i«^ f^^ nofr ; 
ultrasonb scanner, stereo video cameras, or other thrcoKl'uneosiooB] imagbg apparatus. Sectbnal displays 
55a aad 55b of such a three-dimeasbaal computerized biage made with a laser scaaaer are shown b 
perspective b figs. 3A and 3B, respectively. Suebalaaeracaaaer bdeacribedbeoaaectba^ng, IB 
below. 

laser Thnt-dimenslonol !mnM MnputAtsMmbh SIf 

OaoprefeRodfotmor eompooentof Ihoceaaaer 33 bthelaser geaeratedthrce^Umcnsio imago • 
formiiig asseoibly 50 Ulustrated b fig. IB. Referring to Fig. IB, ooeof the halves 21 aad 23 of the model 
20 U mounted on a support 5 1 whUe User 52 directs a laser beam 52a onto the model 21 or 22. The laser 
beam 52a is reflected aad the reflected beam u detected by a sensor iS3 composed of a photodectrb pixd 
array which uses a triangolatioa niediod to oosvert a'cbaoga b posltloa oa the sensor bto a HfT.y > 
distance becweea the ataembly 50 and the model 21 or 23 raoualed to trandeie parallel to die model 21 or 
23 oo a support 54 ao aa to scan the model with the laser beam. Equipment for produciag images uabg laser 
techadogy b thb maaaer b eommeicblly availabb for foimbg computerized rq»reseetatioos b three 
dbieasions of maaofiictsred and other objects. Anc3iAnq>bof equipoMatiaitabbfbrtbbpiRposearoCbo 
.(^b« S(M~McasurmtmtSystanroaaufaciurcd by Optics Cor^ 

The imagca formed by such equipment would preferably bctude foil detailed threo^imcnsiood image data 
of the patbat'a lower aad upper Jaws 22 aad 24, tak^ fo»ra the modd 20, with the teeth b th^ 
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posftioiu. Utedata U writua ia itADdud ASCfl filesby tbeequ^neiit deieribedaiid bmdibleby the ii^ut 
computer 30« uto (be digitized infonnaUoo IQes 26. 

lUuAntMl b ngk 3A tod 3B are two McUoat of Ibe maodibQlar digitized modd, aod bdudo a 
■ectioo 55» thowiog th» firont cuadftular beiion aod of Uio pttteot 12, aod a aectioo 55b tbowbg 
the right mMdn»uItrieeoadbictt*p1dT„aadfim molar When web Smsge. aw 

touted to&borizontalplao vicw.adarivatiooof the aimeiofonBatloa that u available ffomtfaovideo imager 
43 of Hg* lA magr be derived, and pointf may bo aelccted iherefton tot digitizatioO aBtoaatkalfy with 
•oftware, or through aa operator/computer loterBcUve proceai u with iho video scanner 43. m thre». 
dhacoalonal Image 55 mey be rotated btootfacr oHeotatkas forthederivaUoo of other hifbination lavarioua 
I^ftDes lueh aa veitieal tooth ptofile ioformatloa that ii derived whh the mechaakal '^ ^rr 57 deccribed. 
below. Additionally, other computerized procedurea nay bo uted to automatkaUx derive faifoinaUoa from 
the three dimeaaio&al imago 55 with or without iatoveotion or iBtenctiott by an operator. 

The leanoer may also iadude, altcmaUvdy or b oombbaUoa wfth other aeannbg eqttqnawat rach 
asthevideoseoimcrasKmbly43ofng. lA orihe laser jcaonbg assembly of Kg, IBabove^amechaoical 
pioboaaiembly57ailUostratedbng.ia Thiieatireawembly 57 bused b the iliustrated embodiment 
of the bveodoo b eomUaatioa with the video Bcaoeer 43 lo derive bbial-lbgual votfeal piordea of the 
individual teeth of the patient from the model 20 lo suppieacnt jaw and horizontal tooth dimensiooal and 
shape infonnatioa derived from a video imago pn>duccd by the video aca&Der 43 from the model 20. 
Altenaihrely, poitbna of thli assembly cao bo used to pcodueo the aamo bfomatba from a ihreo 
dhoeosiooal imago 55 produced by cquipmeac such as the laser acanobg aasembly 50, 

Referriag to Hg. IC, the probe assembly 57 iodudea m mcasuraaeat piobe 60 which is movcabb 
over the bdividual teeth of the model 21 to produce ao ebcuical aigoal that bdigitized for computer bput 
of point locatbns or profdea of the suriaeea of the leeih b lepante JT-y for caeb tooth. Ia the illuatnted 
embodhaest of the process of the bveotioo. the inlbiastloo 26 profenbly derived from the model 21 
iodudea the tooth profilea curves FFf b a labbMbgual plane viewed b a meabl4oHiistd dlrectioa. 

The probe aasembly 57 Ibcthor bdudca a laagnetb base 59 ttfwa wbidi b iBOQBted ti^ 
and from wbidi eiteads an ^)gtaodmg venical support 58 on whidi the probe 60 u mounted. Thoprobe t{p 
60a b freely rotatabb about a votied «b oa whidi ju t^ tiee, wbQo the probe hsdf b hooked to dlow the 
t^ioiraddoeeasesb thosttriaoeaofthetecthorthemoddll. The probe 60 b mounted oa the support 
5a to move b Xand rdiroctioas b a vertical pbae preferably that eateada through the aappoilSJ and the 
probe 60. lathb maaaer, the probe tip 60a is posstbned to scaa the surface of a tooth of thomodd 21 along 
thb pboo. The piobo io b Ibked to the support 58 through a psir of orthogoad ^^^^^ 
traaadueeri 61, whbh n^pectbefy feaeiito decirbdaadogmeafuremeataof thoposkbnaof thelip of the 
probe 60 doag rcspectsvo ooea of ibo X-Y oitbogond coordinatca. The outputs of the Iraaadoeen 61 are 
connected to circuitry that geacrates a aequoco of pcriodb readbgs of the traasduccr a«asurancaU of the 
piobotlppoimoaawhfchanibeadi^tbed. Thew otnpuia tro aoi b ilong lioea 61a eoaaocted to bput 
computer 30, preferably to a eerul pon thereof^ 

la use. a hdf of the modd 20, for example, thoeuadibubr modd 2 1 , b mounted upon the magnedc 
baso59 oaarted suivcgror*ameuBl62whfchaKdeaoa thob;ae59tri«» lightly urged, butwhbh othcrwbe 
holds.iUpbeelheieoaforprodsepotftbDbg. The mouat eao bo raised, lowered or tilled for aad for 
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Icwelug. lo opcntioB, tbe probe £0 U fflaniully moved by on opccator 28 or autofflatically t» scao Ibo 
•ur&c« of owb tdeaed tooch of tbe model 21 to produce profile euiveoi>Fof a •ooion of each tooth as 
Ulutnled b Rg. 3a nseproOle JVmoy be gcoet«ted by aoy osoof & number of comnociaUy available 
off-the^df CAD/CAM or aioAntion aoftware padcagct, sucb at VERSACAD^ available fnm Prime 
Comptilen, Ise. of Bedford, Massacbusctu. The computer programs described in the OowchAfta hcr^ U 
wrineo for vse whh VERSACAD^ fai aV**, tbe programmlag language of ihoefor. TTie video imagea 
63 of tbe pcofQea P^aiediaplqred on the aeneb 35 and Ibe digitized profilci aie 
ittfocmotioo 76 ia non-volatile memory of tbe computer 30. 

With tbe cnivei tuch ai tbe profDe PP co formed, «n openior can, with the iise of the pointing 
device 47, aelect, by positioning the cursor on the formed piofite on tbe acreea 35, point paramcCen of the 
tootb, tbe eooidhiatcs of whicb can be tbcr^ input digitally bto the computer 30. 

The manufacttiring equipment 38 of tbe preferred cmbodimcot of the invention meludes: an 
appliance bradnc cutting or forming machine 39 thai custom forms the bradctt bases to mount to the teeth 
and cuu archwire slots in tbe braekett al precise calculated positions and aaglcs; an ap^lance arcbwire 
bendbig or focmiog macbbe 40 that precisely beods anhwlKa to a shape that wiU coopemie with the custom 
bradceu to apply corrective forces totbetecth until tb^oreln their calculated finish positions; and a brackec 
placement Jig forming machbie 4 1 that manufocturea bracket plaeemcnt jigs that conform to tbe contours of 
tbepatieot'ateeth,asreoordedbitbepR>rdcsi7^ Ibese Jigs are used by the oitbodontist to precisely place 
tbe euatom bracfcctt at calenlated positions on the teeth. 

TbemanufacmringequipmentSS iscontroUedby NCcomputer genaatedprograbs based on tbe date 
from the digitized input informatiqn files 26 and the calculBted patient data files 36. 
Bracket Cutdn,,Afaa,ln^ ^9. 

Referring to ISg. ID, a bracket slot cottmg machine 39. billustiaied. Tbe machine 39 iaehidcs a 
stationary base 72 oa which is fixed a pair of iqiwardly exteadiag wodcpicce support brackets 72a to die top 
of which is pivotally mounted a workpieoe or bracket suppoit 73. On the support, e foU set SOa of brackcU 
• SOfor thecustomappliaoce25 i» mounted, preananged ban assembly or cailridge of twcn^ or twett^.four 
briekets. The support 73 pivou abort an axb 73a caBeadfag between the biadtets 72a. Cbaneeted to the 
aaUa 73a U an angular positionbg motor 74 which poskions the support 73, aod the brackets 80 mounted 
tbaoo, ID any angular etientaiion with icqiect to tbe horizontal. The motor 74 has an tapnt connected to 

tbe Gonviiter 30o to set tbe bdination 10 the ilbt incTmatiott ugle of tbobi^ 
conunand codes. 

Also fixed to tbe base 72 and esteodbg upwardly theiefiomUa saw auppoitbnttkrt Tothe 
top of the si^port bncket 72b is a saw drive motor 75 and a eelof tbxeesaw blade positbnug Ibear drive 
35 actuator 76, bdudbg an X^rive actuator.76x, a y drive actuator 76y, and a Z drive actuator 76n thraogb 

wbfcb a aaw suppoit arm 77 is supported to move iccpectivcly b the X. Y and Z diieetioos, thai is, b an 
X direcdoa borizonlally pcipeadteular t^ the axis of totatioa 73a of the bracket bolder 73. b a Y dircctbn 
horlzonlaIlypaiifldtoUieaxUofioi8tion73noftbewoikpieceholte ru 
actuators 76 have mputs connected to the computer 30c to receive positioabg signals from the computer 30c 

40 toc««rcuatoslottfalheX-YpUneofthemachine39fareipon«etoNCcomroaodsgaiaiiedtoacco^ 
with a custom appliance dealga. • - 
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Atlbe rcaoteeodof thonoveabloftim 77 ta a dot cuBcr auoDbly 77ft, drivably linked to the motor 
75. The UKCobly 77* has extesding downwardly ibercfrom a rocatablo cutter blade drive ihaft TJb, which 
hai fixed to the lower ead thereof a circular dot cimer blade 77e, The blade 77c lies b the boroontal X-Y 
plase and !■ of the tUckaesa of the slot oMded for tbo tUckncts of arcbwbe seleetel. The aicbwires m 
t)rplcany rectaogular m crou-aeetloa ao that they are able to e«n torque os the bracket, which accordbgly . 
will be provided by the aaw blade 77c with a slot of rectangolar croi»*acctioD. The bace of the slot wHt be 
cut, ia Moordaoee with the eomauuid signals from tho computet 30e, at an angle in the X-Y plane of the 
inachhie39thBt!stftngettiolhefiaalaMveoftheachwiitihBiitwmrece^ llie bate of the slot will 
be convex to aecommodate the curve of tho wire b the horizontal plane. The baie of the ilot will be convex 
to ammtTnodate the curve of the wire b the hoiiaontal plane. The iadinationofihe bracket aiotii achieved 
by the angle of the support 73 b mipoase to eontiol si^oab from the computer 30c. The eomputec 30c is 
progtammod to account for changes b cicvaidoa of tlie bradcet 80 doe to the offtet of the braikeb from the 
support asdt of foiatba 73a^ 

15 The wire bcodbg apptretus 40 is illustrated diagrammatieally b Fig. IB, Mnaiy control of the 

apparatus 40 is preferably by an IBM PC cboe. prefenbly with an 80386 or 80486 microprocessor with a 
math coprocessor, and with motion controller board 6S bstalled. Ihe contrpUer boant 65 ia, for example, 
an MC300 Modon controller 3-axis card maaufactured by Motbn Engiacccbg, Inc. The MC300 » a 
dedicated motion control card which icadi and received ■Ignal« to md from MC^I ^ «t#yj^ fg*f r frc^i 
20 and 66b. MC-OLS Stepper motor btcrfaccs 66a and 66b seod control signal commaoda to the stepper motor 

, pow«Bupplies67Aaod67b,sucbasGompumotorS-IMves:cppcrpow6rsiipplktM 
rate and directioa of motion of the mototi. 

The power supply 67a has so output connected to win feed roUcrs 68, postUoned on opposite sides 
of a wire guide 68a, which guides archwire 69 to feed it from a cootbuous eoSl supply , Ihe power supply 
25 67b has an output connected to a wire bendbg roller assembly or nfire anvil 70". • 

The controller 66b addhbnatly is adapted to receive feedback signals regardbg posltba from a disc 
coeoder 708, such as apyoapar/Vecder Root JIB1OO0A76S0O, which monitors tho position of wiroformbg 
toiler 70b, provUbg dosed loop control of • wiie bcadbg roller TOb. Tbe-nllcr is driven fay a wire anvil 
motor 70c, nicb ss a ConpumotorlS/SX 57-102, through a drive acrcw 70d, such as an Industrial Devices 
30 Coq>. Bedrio cyrmder i'X995A»2FM56-Nm-20O-FS. The screw 70d converts the angular posiUon of the 

motor 70e bto linear motbn of tho n>Ucr TOb to defiea and bend the win 69 as Wis fed through the guide ' 
68a by the rollers 68. . 

By eoordbatbg tho aovH 70 and the wire feed 68, formed archwircs 64 of any planar ahape are 
fabricated. The rollers 68 pinch thewirB,ferdngtt'to advance Into the aovD 70. TbeioUcrTOboftbean^ 
70 minrea up and down vsiybg the radini and thim eealNllbg the radius to which the win b pcmanently 
deformed. If the fermstion of archwb-es with inflectbn pomU, that is that have bends b opposite direccioos, 
a second tavS would be provided oppodte.the wire 69 from the anvU 70 and cootroUed b synchronism 
ibenwith. 

A wne position sensor 7 1 Is provided that inspecu the finished arcbwire by conq^arbg the width of 
the foimed win 64 to the desired Width. The sensor 71 is mounted with icipect to the aovil 70 and feed 
ro]]erB68ttdeteettheposidonofthefonnedarehwire64whaiitisatihecndofhafonnbgcycle. TbU 
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mcftiuztineat provides 4 foe^Mck tlgsal thtt provides eompcnutioo for matcrUl pnpetty wiftUoos Chu 
cffca ihp formed ibapc and the amouat of ovcibcading toqutred. The acator 7 1 acods infofmatioii Vrk to 
ibeeooputerdOeaa to whether the wire 64 iaaocepiabte or over4^ Ifib^^^^U^ 
over oruDdg^beat, thecompmcrSOgcdcolfltafliocoffectkiii lopiiwdaml incMaiully m<Mliru^tlMi«>^«t. 
through theiatcrfacca 66aaad66b topravideoompawatioo co pra^reucvdy conca iucc«saiveafcbwlics 64 
vatU the leaulc of the aigoal lirom the aeaaor 71 ia deemed acccpiobJe hy the computer 30e. 
Bnukel Tiaeaunt Jlr Parm Uit MaehiM 41: 

The bredccljig forming equ^meot 41 ia preferably a luadard NC mill coolignrad aa Uliiatraicd lo 
Hg. IF. Hie machine 41 meludee the tfaadard mill 81, hftviag a downwardly. projectiDS fotaiy! tool hf^d 
SU 00 which ia mouoled aa cadnuU tool 81b of, for example, 0.020 inebea ia diancter, wfaere 0.022 iach 
Bfchwite b used, and, for example 0.016 iachea ia diameter where 0.01S iaeb arcbwiro ia used. 

The milt 81 ia either eoaaeeted to aa eohtioUerwhieh will havebeea loaded with CNC program eode 
42preparedbythecoiiQHiter30eorwiUbediieetlxeoo&eetod'tothecpm^^ TbemillSl iapnnrided 

with Atbol cuppoct 81e to which a aet of circular ABS plaitie Jig blaaks 83, uiua]^ cwea^ or twea^^bw 
in Dumber, are fed by a feeding mechaaism 81d^ equipped with a m&ga^ 81e of theaeti 83* of jig blaaki 
83. The tool head 8U u moveable venkally to briog the tool 81b into Goalact with the blaoka 83 aad 
boKioalaUy la the X'Y direcUoaa la aecordaaoe with the tool path in"^rwrtiffna ftom the code 4^ 
GE?>nERAL OPERATIONS AND raQPR6Tmfi<f 
la the preferred and iUuitniled embodimeat of the inveation, the ovcnU conliguratioa of which ia 
iUttOrated diagtammadoUy b Eig. I, the faU cuttom lystem 10 b operated to produce the orthodootie 
applUaeelS baaed OB the bdhridiial anatomy of tbepaaeot 12. One prefeired method of the bveatioBb 
repreaeated by the opctatjoiu and proocduTM illustrated in the flowchart of 3. 

Themethodof theprcscot iovcntioo, ia iuprcfcned embodimeat, incudes three geaetat opetatjoaa; 
The ftrat opcrstioo, u (85) a padeat oraluatioa operatioa performed by the ofthodoatbt 14 (he docuir't 
25 ofllce 11 on the patient 12. Thb c^mtion todudea the traditional profcasiooal diagnoaU and gcaeral 

pieacriptieaoftreatmeaL According to the preacatinvcntioo, the evaluation operation (85) bfoUowed by 
(87) a computer aided aaalyab aad appliaaee deaiga aad manufacturing opecaUoa performed, prefaably at 
least in part, at the appliance facUior 13 to produce the autom wliaaee 25, aod ia turn followed by . a 
patkat Ireaimcat operatioa (89), which includes treatment of the palieiil 12 by the oithodoatbt 14 at the 
30 doctor's ofnee 11, with the hitallation aad uce of the appliaaee 25. 

Referring to the ay item diagram of Rg. 1 and the How chait of Fig. 2, the orthodontic evaluation 
opaaiion (85) b performed at a doctor'a olTice 11 . The eperatloa (85) iadudcf the proccdurca (90) of the 
rya mi aatl oB of a patlebt 12, (91) the prcparatioa of the model 20 of the patieBt;s mouth and teeth, (92) the 

35 ' precer^tioa by the orthodontist 14 of ircatment, (93) and eommuaSeatioa the ap|»Iiaaee facili^ 13. 

The exasaiaatioa procedure (90) thepatieat 12, who requisea orthodontic treatment, b examined by 
an oithodootiA 14, who makea a dbgaosb 15 of the eondajoo of the padeat aad of the treatment, if any, 
needed. Baaed on the diagaoab 15, the erthedoatbt or deeter 14 aaacndiks the iafoimath^ 
aeoeasaty to implcmeat the prescribed Izcatmest. 

40 la aasembling the infoimatioa 16, the orthodontbt 14 (91) prepares a model of the patieat'a mouth 

18, usually aplqrBieal model 20 fhmiamold of th^ 



PCrAJS93/10858 



dUgnosU 15, The nodd 20 inctudca the moodibulv'iBodc] 21 of the paUcot*t lower jaw ct naadiUe 22«Dd 
tfaD laaxflluy Dodd 23 of the faUem*! upper jaw or m&xilk 24. 

Thea, fttither iMScd 00 tbo dii^iosli 15, iheotthodoatut 14 (^) pctscnbei a poiticutir tteatmcai 
B&d fcoenlet A prcMripdoA 27 b A toaijUe iceord 

Tb6 oithodoatilt 14 thea (93) eoauDunieetes the bfonaatbA 16, for exAmple, by trtaimiiliDg the 
nodd 20, the prctcHptioa for tftatmest 27, a reooxd of iDfonnatioa 17 ideotifytDj the doctor 14 Aad the 
patieat 12, together with lofomAtloa 19 eotttabiag ttttltttcal eod historic datA of the patient 12, to aa 
•ppliance dcuga facUi^ 13, et tome rcoiote location. At the appliaoco deiigtt faeaiftf 13, the lofonoato 
16 ia digitized and input bto the coa^uter 30 for Aaalyaii. 

Ahcfsativeljr, the oifhod on Hit 14 ouy coovcrt the bfoniatioD 16 to digital computer icadahSe Ibttai 
aixftraamii the digitized infbnikBtion to the appliaDcedc4gal^^ lathUAltaBAtfve,th6^tfcail0 
would be oonflgured with the bput computer 30 located at the oitbodo&tUt'a ofllce 1 1, aad the oithodoatiit 
14 or aaittting peraonad would perform poitiooa of aa date iaput ptocedttie (94) described bdow. 
fSn Aworwfe DftlrH and Manufatim Onrndiitn 

Wbea the bfarmatioa 16, which iedudct, for example, the modd 20, the pitacripUon 27 aad the 
iafonnatioo 17 aad 19, are received dtherattheappltaacciystemmaaufac^ P oriaicady tobe4Igit]zed 
at theoitbodeatlit*a office 11, (87) aa aaalysia, fioiih tooth poiitioa cdculatloa, aad oHhodoatle appliAaee 
design and numufactming operation ii begin. IotheopcfaUoa(97),thebform8lioal6iaproee88edAadthe 
cuttem appliaace 25 for noviag thepatieat*a teeth to aa optiauim fiad or fialtbpoiitSoa h eocordaace with 
trcfltmeat prescribed by the otthodoatist 14 ia produced. 

lheopciatioo(97)bdudeAtbopiDGedureaof^)bpudagiBto Aoomputer thobfori^ Itflkom 
the oitbodooUat 14, b digitd form, (95) aaalyzbg with the dd of computer 3pb the bput digitized 
bf ormatioB to airhre at the finish poaitba of the teeth, (96) deaignbg with a computer a caitom oithodoatie 
appliaace b aficordAoee with Ihe coaipttier eaalyiis, (97) naauikeiurbg the caAom i^Baaee 25 b 
acGordaace with the computer assisted detiga with the aid of computer controlled macfaiaoy, aad ^8) 
oommvnicatmg the casiom appliftoce 25 aad aceompaaybg instructione to the orthodoatkt 14. 

la accordaace with ecrtab embodimeati of the prcacat bvcaiioa, aome or dl of the applbaee. 
maaufactariog itep (97) caa be pcrfonscd at the bdlitba U of tbo oithodooUtt 14, |b whbh caia the 
commUnicatbgsiep (98) would bvolve the commualcatloa of machbe readable code, b lieu of aome or all 
of the oomplcced cuMon appUaace 25, from the design facility 13 to the otthodoatjjt 14; 

la the toput procedure (90) U illomated b the flowchart of Hg, 2A. la Ihe procedure (94). the 
received bformaiba 16 Is bput, b the iUostrated eaibodiawathy OperatM 2S at thededpi facili^ 13, bto 
a computer 30 b digitd form. Evea wfacfe the if4>ttbg bpcrfonned fay operator at the design faeSi^ 
some isformatba 16. such as the bformatioa 17 and 19. may be supplied by the oithodoatiat 14.b mtrhin ff 
readabb form aad bput directly bto the eamputer 3a The iq>ut procedure (94) bdudes five steps {my 
(50(9, Ihe subtt^i of whbh Are described fa deidl b eoMwcUoa w^ 

bdow. Ihe supi of the ii^ut proeedore (90)^ b the OtostrBted embodimcat, also tedudeccmb sobstcps 
that are part of the fcaetlon of the awlyA step (92) bet are mote eoofwfcal^ 
faformatba b catered bto the computer. 
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Thc input ctepi (100) isd (200) involve (he cnby of background Infonnadon BttosUed bj ibo 
Oltbodontitt 14. la Ite input «C|>f (300). (400) ud (500), tooth and jrorpotkioai and pcofilci an defucd 
in utOM of onbodontie panmctgi nnJ laadmaito that can be later andyaad by mgyito to htmt hnp lm nt 
tho oithodoade lcaofwledg0» dem .and cxpcricDoe embodied 

prafeaslonwbaeeffieienUyautomaticalljprodgdbgAeplimmt^ TbM6ctcpcoftbeiqnitpioe«dure 

(90) uchidc: 

(100) Tbe tnputing of tbe doctof-patieot identification infonnatioa 17 in digital fbim into Che eoopvter 
30a: 

Tbli infonnation it u$ed to identify tbe records of the paxieot and (be products produced. 
(200) Ibe isputiog of patient badcground bformation 19 in digital form Into the computer 30a: 

Ihii bfermadon i« uicd in part b the calculating the finiih potiUoB of tbe poticst'a teeth m 
accordance with gcaeOe cht w crf ri rtici. Sex and race, for eunple, are used to assign cotain seed 
VBluesMcb tf tbebtdbatiooof theaxetofthoindhriduaJteetb oftbepadeot 12 to an arch plane initcp 
(625), which it used to dettrmbe an offtct for 1^ of the tcelh ftom Ibelsw bone or gum line. 

Tbit infonnatioa also includes dlagnoitie detenninatloni and tzcBtDeaS optioB deciiions taadebjr the 
otthodontist 14, such as detenninstions to extract teeth, or employ optboal treatment nonns. 
C300) The iaputing into the computer 30» from a top view image of the patient's mandibular model 21, 
tbe mandibular Jaw shape aad tooth dimensional ioformatioa: 

In implemcntiDg a treatment to correct the tooth alignmcot of the patient 12, the mandible 22 U the 
logicaltfartbgpoiiubecauaeitisasolldboneendhaarelativelylimepl^ ftye^BtF^, tk^T^n^f 
or upper Jew 24 b composed of tegmenta hdd together by sutures whieb do not fte utD mid or 1^^ 
tenons, Fiathcrmoro, these suiores can be sqparated by the oithodontitf even after th^ 
ludon by simple and commonly known dmical techniquen. These anatomical faetom require that the 
orthodoDtbt 14 make lebthrety smdl changes m the mandibular bone 22 and the pctp^^ 
skeletal changes in tbe maxilb 24. For this reason, the position of tbe msndibuUrtiou^JMribciefoie 
taken as a constrabt on tbe pontions of the roou of the lower teeth; 

la tt^ ()00) infoimatba b bput for use, b part, to define from the patient's lower jaw bone tbe 
shape of the mandibular trough lir, which aerves as the first eonttsiat b 
oftheteeth. Inoneembodbient.thblsaccompllsbedby superimposbgapredefmodgrU 
or sfApbics fanage of the maadibolar trougb (from Fig, 3) u the manner illustrated b ilg. 4. In 
additiott, the ditfances between tbe meshM&tal citren^, or mesiodistat widths MOW, thst b, tbdr 
contact points with adjacent todh, m ahorizontBl plane, are bput. These ddcnuine dm total bagih of 
the dental arch and the relative C6nteMo<eater ipacbgs of the teeth along tbe arch. 

A mandftubr trough equalbn MT8 b derived, and may be convoted to a symmetrical eqoatbn 

SUT, Am a ttartbg p<^ toward calcubtmg finbb tooth podtion, the mcsio-dbial widths of the 

niaadibular teeth are mathemsticaUy placed oa tbe Iraugbcquatioo. Tbli bcstplabednotcftillybclow 
b connectfoa with Ilg. 4. 

Utbeaboveaadbsaaa!yarchformcslcabtbnsbclow,aeubbipibeequatbnfo^ 
b fitting a curve to data points* then converted to a circle segment equation that piovides advaatages b 
the anaiysu and design piocess and b the final calcubtbns needed to i^mle NC -^i^tfiriitrinfl 
cement. Tbb b cxplabed bdow b eoaocctba with Hgs. 5 « seq. 
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Mcasured btlial conUft'blerd cii^ upaang lUU ue geacralod fox lue by the onho<ioittict 14 Ift 
cvftlualiag the custom dettgn ud trcaixnesS pmmtun lesuIUog from tbc fliul c&Iculatioai below. 

h loffle caMOmMtt^ borinttal piofUe daa of the lower Jaw iD^ 
Uodfflulci la iho horizoBtal plue may be idcndfied, or lUl ihre^ 
5 lower jaw may be made» for example^ as diicnKcd in Ibe desoiptiona of figs. 1 A.*1C above. 

(400) Ibe inputifig into (he computer 30» from abooom vbw image of the piBXieat*t maxQlaiy model 23, 
maxBlary tooth tft mn triftnul infoimation: 

The ihape of the maxilla, which ia made of a aegmcsted booe, il a variable capable of being alicred 
oithodoDtieally m teipoiue to fual loolb potitioa caladatioiu aa let forth below. Tbcrefon, Su {sUioI 
10 riiape a&d mitial maxBlaiy tooth poaitioa ia iclevaat only ia evaluating the feasibility of the amouot of 

alteiatioa leqjuired aad the type of treatmeat to be uaed. 

la step (400), bformatloo ii bput bito the computex 30c of maxSlaiy jaw shape aad tooth 
diBMasiooai informatioo firom the msjtlUuy model 23. Ibis lafonaatioa is used b pert to dctcnoioe the 
meslodlital Widths MDir of each upper tooth, m abofizoatal plane, aad todetemiae the total teagtb of 
15 the deotal arch and the iclalrve center to center spacingf of the teeth along tbe aich. 

Meaaured mltial.eontxarlateral cusp and ccairBl gn>ov«/fotta ipadag data aie geaciBted for use by 
the orthodontist 14 in cvaluatiag the custom dcahai aad trcalment parameteM waulthg from Am f,n^v 
calculations below. 

As with step (300) above, b MMoe cmbodimeoU, horizontal profde dau of tbe upper jaw may be 
iaput b this step, additiooal laadmaila b the horizontal plaae may be ideotlfied, or Ml three- 
dimcasbaal uaagcs of the teeth aad lower jaw may be made, for cauunple, as dimiri w l in tbe 
descr^tbns of Rga. lA-lC tbove. la these cmbodimenu, Cechaiquea such ea those dcecribed b sup • 
(500) may be caq»loyed m the horizoatal plane b ttcps pOO) aad (400). 

(500) Tbe ioputbg of bdividiud tooth devadoaal profile bfotmatba from tbe nvo balves of the oiodel 

2S 20: 

The tooth profile bformatioa caa be gcociated usbg computer aaalysta or iatenctive eompmer ' 
imam fnnt^M-dimeasbaa] Images, if eti]pIoyed,aaiUui«ratedbHs. 3A formed with tcaaaensaeb 
as iilustraied b Hg. IB, or with tbe use of the probe assembly 57 of ilg. IC from thephysleal modd 
20 of the jaw. Useof the probe assembly 57 is hereb described^ 
30 Rapid ledncsba of tooth shi^ iafbimation to isapoitaat dimeaatoos aad laadmaik daU for elficicat 

and realizabb caleulatbas of Ibish tooth poskioa b achieved by bnagiag earefuUy seleeted prafiles of 
thetectb. PtoHlcs sre pioduccd l^r ouUmbg the tooth crowa suKaccs along a vcitkal plane or oi^ 
similaxty orksted surface that exxcoda b a lablaMbgual diroctbn geserally pespcBdicular to the areb of 
tbe teeth b the leqwdive jaw. the abgle easp aalerior teeth, thb satface b gmdly a surfaee 
bUectbg tbe tooth aad through tbe crowo ioag axis CLi of the tooth. For moh^ecinp teeth, the same 
general^ appi ics except modiOeatba or displaeeaeat of the snlace is btelligcatly made on some teeth 
to pick up tbe higbett ett9 or a maigbal ridge that b rcievaat to development of dw piopcr o^ 

For iBOit calcidatbna, as set fonh b tbe rtff silfd fflrptiinitf ba below, the tooth feamree piofae can 
be assumed to beoa apUae through the tooth eeotertbe, area whea they are ooc With the features 
selected hereb, such assumptbas result b errors that are Mill much smaller than those accepted b 
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coaveatioi»l methods. «aoiharadcirfationt,U»pit|ciao|)OfUlooof.<^ 

pjwif ioa for ludi coniidenOoia ve nude b the ccrtua cabodimcaU of ihe inratioB. 

For eeeh tooth, piofito data b takes io Mporiuoir*? oooidSoaieo that rdale only to tho •dc«tcd 
nirfteoorplaoo. l»Uioeoii»ofthoaaatyrii«Bd caleiUaUoBof finWitoothpoi 
-eptnody tiaadaiedaod teorieotel with req»ect to those of tho other teeth eod thoaeof theHmigh aod 
«d>fonai> to ■cmal rtcp», until the ulOinale iatciplaae iriaiirmAlp. »^ fff^Mithcd. 
(9S) AnabfU and IhoA PstU^^m^ Pr^rr 

ThoconputefaaalyrffpreeeduwIiinomatedlBtheflowehaitofng.2B. la tho computer aaalyiia 
ptoeedure(9S),thedigWzedtofon«uiionlapatbyihei^^ 
poiitioBOfib6toeth,aotbuthecii«omappllaacc25«« 

•iidB«o»ftouredto.««p«tcr coiitioUedmittfc^ Tho «alyd. p,oced«« (95) 

iododc..U«ep.«ul.«b,t,utbe.(600HnOO)ithe«rf>«cp.ofw^^^^ 

with the flowchart deiaiU of Kgi. 2>.20 bdow. Th«o step, indudo the fpUowing: 

(eoO) TlwdMialaiiBlycbttcp to which tho oithodoiitte^^ 

A mtotoium number of pototi on Ihe tooth piorOee a» ideeted that axe tufikieot for detttmtotog 

Iheeootactpototibctiwtt teeth thBiarordev«tttor«UhtooU^ 

Theae potolaaro ■elected auch that the calcutotion. made from theip a,e wtotively iaaenwihre to 
iiw»uiema«cffonfaihempiiioflhedai»tort^(50Q). Prom the «toctod pototi, for each tooth, other 
p«amaerfan»dcrhrcd,bdttdmganbciMltaitcrpobt/CP,^ 

longa^ CU th«>ugh tbe/CPaod GCP, m CKptotoed below to com>ectioo wU,«ep (60(9«kd Rg. « 
ctieq. 

lBoide»lod«eniitoea»«Utk«riJpb««e.tta<w^ 
of e«4 owBljrpe wewitOBved fioB . M cmu ud (Mtiooed >loa< ll» mU-a^ 

idaoB; "nieiecnwiu wen. thrtiamnW and projected uiwaiydii^ 

eoi^>mtor. T«etop ww. the. »»d. of il«o prefile.. A..««h,.p,««dwewd«en.i«lfer 
we 10 ertaUbUog the ctowo loos «>• isclioMioB utjle* lo produce Ibe dcrired oechuloo, ud <eal 
vdw. w«t.bul«ed ihtturf coitelMed with dw «e» Mtho««Kl n»oof tlwpMla^ 
aepdOO). A«amBltof«hto«MUyiJi,prefandc«««lon,«i»|„eUD^ 
OwprcKrtbwnfloalkatiioMlinpnniweitOTerito^ 
ut. 

Roi»llietdniteedd«^««|e,rfIiidln-loai^«oflheci^ 



of tech J.W ore .€« r«««,„ «« pi«BoiMieom«itaihB iiiiDd»«l«iio«gkeq^^ 
faK»iUd to . ftcU wbptane wed b dialed <OM«ef through odimcdly deltoed <edd »b iM 
ofkiooak T*»"A«»U««»«ed«odde™ia6thehoriioiMo(rici.famtbo«Wo 
lI»l.ww.,elhi.*p(IOOO)Wo#.„wdI..,h.»rfII.,teolbpl«e-««fa n. 

io««SoaoftheiDdiBdionmg|epl«»,«WreowdinMe»flfe«iirfa,>wAp.,m.ri .^,^,^^1! 

61 ittj. (500) pudld, Ihe Jf «e.of th.»pU»e.p^d to the «oepl»ebut of with their tdathre 
hoiixo»tdoiicrtdioai«rfRlaa»owrtledpodlioii.7«lobedcttni^ OccolbatMhuct,^ 
10 th.fr futfri. lBdi.-J«», prodni aow. hdght^ «Hl «,p t^, lo^^ 
ooMooi. of Oie too* iwftee ew piicWy ddlaed (hr iot^^ 
podtioning cdeatatioai. 
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Af u coumple, for the aHilbiy bkupidi and molan, » suuglaAl ridgo devatioa MtXB it 
detennlned fbr later use b calculatWDi f«laUve fi^ 
(700) The cuipid liM delcnniutioo 0ep b which tboocclu^ 

Theoitbodottift 14 wUl h«vo idecled the teebBiquftto beoMd to gvidetbot^^ 
5 ocdttiiooutbojawiooiao together.' DcpciidisgODthetelec;edooclu«ioatechaique»eIthcy lUorput 

of the ocduiioa b btougbt by ft rise of the cttiplds •boye that of the othcf tee^ 
costMft between tbo upper and lower teeth wUdi aUpu the two uebee m' Ibe jaw doiea. Most 
oftbodootlita prefer to accomplish thb withihe riae of the euapids. 

Fxom a nw r omicH i itudtcs, dau U eoptoyod aod tbo aaiouot of euipkl tiae« or other oisp riac if 
to adeded, that ia aeceaeaiy to dear the buccal cucp bdsbt BBC of Iho teeth, w^ich ia delctmiDed from 

the laadaiaxk data of atep (eOQ). 

(800) the maodibttlar tooth p l ac emc a t ttep b which the plane, of the naodibular toeib u defined and. 
the teeth are poaiiioned with respect to the aaandfttilar trough: 

The step (800) aceompllsheaibepreluBbaix matfaeoatieal constniction of the mandibular ocduaios. 
15 ' Thia step ititt calculates the positions of the maadlbtdaF teeth to place their t!p« ul as oedusal plaoe 

peadbg fbal reTiBemeat of the ptacemeat 

The ■taitbgpobtforthemimdihBlar tooth placcaeatbto aaaume tooth poaitteaathatplacc the teeth 
with their crown long axea OAs bteraectbg the plane of the^mandibular Iraugh on the maadibular 
trough equation MTB* This satasr>es the eonditloo that the maadibular teeth ate set m the bone of the 
20 lower jaw. The (ZLii of the teeth aie also indbed at the aocd value angica lAff established b step 

(«XI). 

Neact, the" positloas of the teeth are adjuoed vcitieaUy to place the tJpi of dl of the maadibuUr teeth, 
except the cuspids, b the same plane. The tipa of the mandibular cuspids are aet to extend above the 
pianeofthetiptoftheotbermandibBbrtBelhbyadistaBCoaeeotdbKtotheciupkiii^^ 
25 prefcrd>iy by 8ectbgthedt8taaeeequdiooaethirdofthetot9laupidrlse,aacaleubied bat^ 

Ibea, a borizontd OFfSBT.fioni the MTB, geoeraUy b the tabid directbo, ta cdculaicd 
trigonometrically for eaeb maadibular tooth fiom iu avwo height above the mandibular trough and iu 
long axis isdiaatba angle lAI, TUi caleidalba iccdu b a mandibular trough offaec equation M0» 
which ia an outR^atd ladid expansion of the MTS. The MTS waa defuod b the form of a saies of 
•30 cirde segmenu b step (300). Theexpaoded MO equation ta adtaeootbuoua arch constructed by adding 

the respective OffRSBT of ea^ tooth lo the radina of the drete aegnetf of the 4127 with which the 
midpotat of the width of the tooth ia asBodated. 

Iheieeth are then plaoed on theofisct equatioa MO begbmng whh the pUecmest of the centrd with 
its meddeoatact point OS Iho maodibboenterline and the tooth midpobta on the 3ia. Thcomovbg 
35 dhteUy, the remdttbg teeth on the aame aide oftbomaadibb are placed on die 110 with their me^ 

contact points KCP b contact with the distd cootact pobi i>C2' of the prevbua tooth. The name 
procedure is enpbyed for the teeth on the oditf aide of the maadibular aich. 

An dtenuxive tbithcr rcfbemeat'.wmtld conalder Iho venfed poskion oa the teeth of ihdr widest 
pobtt and, coaddcring thcatoo thpbdbatioM of tho teeth, indCBatriyaoincttbnd}tuanttii ib thattho 
40 toothoofltaetpoiataareapacedby the tooth widthaJUDIf at UMhdgfat of their actndwidettpoia^ 

rather than asausdng the teeth contact b the plane of their tlpa. 
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(900) Tbobert ft euipitep to which tbobm ft eqoilloDli derived for in«^ 

la Ibis it(p» a mtiouout cunro b derived uaiag itatutical mcUuKU lo produce % best ft buceaJ oup 
equadoaJIOTC»fromU»dbcooaectedlioe«egiMia»of^ ^^^^^^^^ ^ 

InthoanbodWdeKfibcdbdow.ABexierequaaoabi^^ A <?uble equation It ilieagco€i«al Ikon 
wuIUagdwapotottUutf denaetbebeetfteqwtfloo. Tl» oiblc equatioB of tho BCTCff litboi 
coavctted to dide segmctit fona ai with the MTS above. 
(1000) Tl»BttdaiularteetiipIaeeDKrtitepmwhlGhlhop^^^ 
for placoaciil on the bed ft atch equatioa: 

mpof Wool of the lower todh are then recalculated to move the lec<h horiionbay, paraUd to tho 
AfaC, tuchthaiihobciseJeentcrpoinliWIIeoathora^ lwliicI»rfaadeoq,lda.iho/CP#aro 
Ibot^rof the teeth to the pfofdoplaaea of itepe (500) and (CiOG}. Fkkr the bicuipfab.and molara, the 
ICPg ai« the buccal eucp tjps of the teeth. For pwpoMS of plaeemc^ of thetecth es the BPBCS or 
other axcfafbm, lhe/CP!rare awumcd to llomidw^ between the mesial aad distal oo&tacspoiauof the 
reqmhre teedu Accotdtogly. tooth placement ii achieved by movtog the teeth normal to the cirele 
•egmenta.iociatedwiththeae/(3>aL TOi itcalciiUifaflofpoiltion has the effect of movtog 
of the teeth normal to the aich auoeiated whh their ICP*. ehher labtally or Itogualfx. such that their 
ICFs m oa BFBCB, when viewed from above. 

Thb plBC6m»t U the fbldl position of the maadibiilar teeth. 
(1100) Thenaxmaiyplacenientstq»towhlehihe«axmtty«chbderh^ 
20 nuodtbutar teeth: 

This ttcp tUs the positions of the maxUlaiy teeth to the «lfca4y positlooed mapdibolar Hie 
maxliUiy teeth have cot yet been poallSoned with reject to any equaOon. but the toeltoaUoo aaglei of 
«|^ei«'<li«M»ions and crown long axes CUx have been dctra^ ThU positioning 

tovolvea setdng the lips of the maxmaiy teeth on the rac»» with eeitato 
25 •n*«^pJ«»w»l criteria to aeeonot for the way the dU^^ 

In adjusting maxillary tooth poshions. the cutpids. the anterior teeth and the posterior teeth are 
treated sepantfely to brtog their televant contact snrfiujcs ^ 
then aligned relative to eoeb other. 

Since the anterior teeth do not occlude tocisal edge to toelsal edge, the BFBCB is modified to take 
Into eecounl the dirtaoco fnmi the BJWC» to the libial contact poinb 

lateraU, plus a horizontal or iaWddeaiince, with the mM^ ^^^^^^^^^^^^ 
o^usion with the maxfllaiy anterimt, «t the iniersecdon of their Hngnal nnftcee with tho plane of 
occittsioa MOa Thesopomls lie to a maxillary anterior contatt srcfa form AUAF, This equation is 
Cilculated by cspandtog the BFBCS, by cnlar^g the radU of the cirdo segments of which k is made 
19, to aeeonat for these tooth difflcttsiaos and the el^^ 

Ihevettiealpotitloningofthenaxillaiy ante^ 
ocdttsioa methods that have been pi«CTa>ed, establishing an overlap for the Inclson and cuspid rise as 
«letennh»dtostcp(7O0). TWi.del!oeatheirerU«lposjtknof ihomaxillaty ^ 
re^ to the end thereby deft« the inclsal overlap or overl^ 

nacemeat of the' maxillafy posterior teeth places the totmections of the margtoal ridges and the 
ecnird grooves frotqiieps(400)to(600)lhecaspf of the mandibular teeth wi^ 
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The maxiUtiy tooih Bwvousu needed to adum tbb ocdtt>ton m 

ourgizua xidjo arch fono CGURAFby modl^ing tbcBFBCB, The ciup tjpw of the maxillaiy ciupids 
an placed bctweea Cheafcbfocni of the is^wn asd of tbepoittrion, for cuaopte, by avcngtog the 
dUtaoceftontbaB^Cff io theMU'Faodto tbebvecal cuip.of the fintauoUlaiy biciiipid» by pUelog 
5 the cmpid metltX and distal coatact pointa b eoatagi with thA aJjaeenr ttgih, hy ealmlid^fig ^ clfvnncft 

as waa done for tbe iacicon or by some other criteria. The axtbfonns.for Che maxUlaiy tooth placcmcat 
aro illttitnted ia fSg. 4B. 

Thevotjcal potitiosbg of the raaaiabg teeth takes hito aoeouattheocdualoa aad oiha prescriptioa 
ioformatloa input ia Aep (200). Tho ictoatDug caleulatlonf are set forth b deUQ bdoi^, 
10 (96) ABi>!tanct Dtiim Pncedurt: 

TboappUajwedesigapfoceduie(9Q, asmuttated intbonoiychartorng.^^ calculatet the 
dimensions of the appliance components in a fonn eapebte of being translated into NC codes for operating 
NC nacfaineiy for piodnctioa of the appliance compooeata^ such aa the bndceta and aiehwoea and also 
plaeoBeatJiga for installing the bcackeuh the pfoperposhlons on the teeth of ^ IathoBppIi>aee 
15 «tn}goproccdttre(96>faicludeath6folloningstep8(130(9thnugh(1800)»wh^ 
detailed flowebaita of ngs» 2I^2V: 

(1200) Ihe mandibular aicbwireplane st^ in which the plane of the Bicbwire for the mandibular teeth 
is defined in rdalioa to tbtf teeth of the rvr^frMr 

Where labial brackets are to be applied, as Oluctraxed la Hg. 8. a plane is selected for the mandibular 
20 arcbwire that avoids btcrfcnaoe with the mandibular atcbwiie and bndcca with tho muUllaix teeth, 

which ovoiap on the labial aide of the maadibidar teeth. Where Imgual brackets aie to be applied, this 
step is pofoimed to defme a maxillaiy azchwire plane to avoid interference between the lingually 
movnied maxillaiy arcbwires and brackeu with the mandibular teeth that overlap oa the Ungual side of 
the najdUary teeth. 

25 Ihis step involves theaelcction of the arcbwirp plooe and defines it hi mstbematka relation to the 

HOC Oncedeflned, the biaeketporitiona on the teeth are detennmed such that the sicbwire slots will 
lie within the duaeasioaal linuts of the bracket. Where poaiible, it is piefccable that the arefawiro lie m 
a literally flat plane aad be qmmetrieal about the midUae of the areh. As soeh, the aichwire will be 
properly shaped for bnaUetlon with either side (aeing vpward. 
.30 (1300) The masJibular slot iodiaatioa step b which the angles of the alou of the maodi^ 

bnclcett of the appliance are calculated:' 

The slot bclination angle for the mandibular brackeU is calculated from the angle between tbe 
mandibular archwireplaoeand the angle of the maodibularlooth surface to which thnhMe of tlM»h «>rJri^ 
UtobeaottBted. Ti» slot bdhutloa^ogte may be achieved by cutting the fcU angle to 
35 iedinmg tho bracket base» or by both of these methods. 

(1400) The maxillaiy archwiic plane tUp m which the plana of the nfcha^ for th^ mj^KtllBry If fth it 
deflned fa idatioBlo the teeth of themaxiUai 

Ihe maxillaiy aicbwfaeplaoe fa thecaao of fabial appliances, aad the mandibufar ascfawin plane fa 
the case of Ungual appliances, has few constsaints on iu position and may be selected based on cosmetic 
40 coasideraUoos. bis usualfy selected as a plaae midway oa the cmwn of the maxiUa^ 

* therefore aotxnally not parallel to the inaadftalaraitbwheplaae. Ooce deaoed.tbebiacketpocitloni 
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oa tbe teetb are dctamlaal sacb Out tbe aicbwito dots will lie wUUa the dimeafioaal limiti of the 
brAckcC 

(1500) the maxaiaiy ilot incliiiadoa itep b which the aaglcs of tbe ilott of the majuUaiy tooth bncktu 
of the applUoce ate eokubted: 

Ihe sloe ixkdioation an^e for tbe maxiUaiy bnckccs U calculated horn tbe an^ beCweca the 
BiMfliaiy archwirepiaDe and tbe angle of tbe maxUlaty tooth airface te which drnhMaaf thai wrf^*^ 
if to be mounted. The tlociadbatloa angle laqf be idiieralbxciittbga^ 
bdbhi^ the bracket base, or by both of ihete metboda. 

(1 600) Tbe maa^ibular archwire and biacket i»oiit dtmcatioa calcalitida Hep ia which the ilo( depth 
lod bracket jmctiy U caleulated for the aaaadibulw 

For each bTKkct, the deepcft aad ifaBllowcA dot dcpthi to detcmioed to develo 
which tbe arcbwtce muit pass* as illustraied in Fig* 8A. Hiea the smootbest arcbwire curve that will 
paia between tbe depth limiuiadetcnnbed. Tbe aaoothctt curve taconiSdcnd to be one with tbe lease 
variation iaradiuaehaDgcaaloivttie curve, aodprefcna>lywhb no bnectionpoietai. A ctibio eplioe 
equation u used to fit the pobite and tbe equation is then converted to one of drdff *^ifam torn. 
(1700) Tbemaxillaiy atchwireandbracketb-outdnnc&aioaealcutationfiep hi which thedotdcpthand 
bracket geometry ia calculated fiir the BtaxlUaiy tooth brackeU: 

A» with the mandibular ilotdcpthealcoIatioaSp for each niaxillafy bracket, the deepest and •hallowcct 
ilot d^tht if. detenaiaed to develop a window mto which tbe archwire must pasa. Tben the smootbect 
aiebwire curve that wiU pass between the depth limiu ia determined. Here to, tbe amootbest curve ia 
conaidcndtobeonewiUitheleaavariatioainradhiacbangcsalongtbecurve. Acsrvewiihae^orthe 
least aufflbcr of inflection poiouiaprefemsd. A cubie^line equation la uaed to fit the poinU and the 
equation is then converted to one of drcie aegmeot form. 
(1800) l^bnckccplaccmemJIgdesignittgA^bwhidiplacefflcoejTgsared^ 
25 podtiooiog the custerodeaigncdbnckcu on the pstiest's teetb: * 

After the braeketa and aiebwirea areeonpletdj deTioed as io the above atepa. with ihe depth ud 
usieof the clou fmaUzed for tatbe poaldoaiagof thefaracfcets os the teetb and the shape of tba desired 
archwirea aredcacribed mathematically, bnckatplaeementjiga are deaipied that will be used to aaslst 
Ihe orthodontict in placing the brackett at the proper locations on the teetb. The designbg of the jigs, 
30 b the prefcned embodiment. Is carried out b the software that gcneratca tbe NC m"- b i ni» code m the 

pcrfoimaaeebf the Jig manufoctarbgatcp 050(9 iMbw. Thbdefmbgof thftjigdcaignnlfowa for 
consideration of appliance hardware modifications that tnxy ba maAi la tha mmm «f *'»*^FnTlpft and 
archwire focmbg steps (3000) and (3200), reipectfvely. 

The provisbtt of tbe bracket pbccmcat jiga Airthen a goal of the pmctioe of orthodontka to treat 
35 casta to ocdusal perfection with tbe least amount of effftrt, dmmfnn aail tbne vjtfftn^. Tbepoitaon 

of this goal that caa be accomplished by appliance design and manufactOie has been described above. 
Whfle the individualized applbace geometriea thus defmed wiU be fabricated, the abBity m place the 
bracket poitba of the appliance qratea on the teetb with auffickat aceurac^ to allow the i^plianee 
system to delhrcr the de^red oithodootb relatbnah^, beratofore aotrealized dbi^ 
40 foUowa: 
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Tbo bttdccU uo placed icootdiag Id the ihrcp ctiterU: 

K He!|dlit; The bdght is csiablUbed to chtt tbe applbnce cauies the vpper lod lower tBcCb to 
coataa each other in the prescribed manner. 

2. Mcsto-DlitanYi Tbe mecMiita] locaiion ii eitaUubed ao that the meaial and dicul ridgca of 
S cbe teeth are parallel to lha archfona for thai patleat. 

3. Long Axb ! ThebradcetUatiptedidaUvoto tbetoogaxiiof Ihetoothao ihatihei^ipliaiiee 
QTBten tipe the tooth to tho desired aoflo relative to iho.arebwiie. ' 

Prom the vwtteal piofito daia of it<p (gOQ), and horfaoatal or three dimcailoaaJ profile data of atepi 
pOO) and (400), the shape and eize of each tooth ii esoracted, ioduding paiticularlx the protile in a 
10 mesio^Ustal view at the height of contour or along a plane peipcadkular to the greatcct prominmee of 

the ecBtraldenrdopmeata! lobe of each tooth. Ad^onallj, the geomeuyofthearchwire dot haa been 
accttntdy related to the respective teeth. Thii geometry Includea the iotersoctioo of the arcfawtre plane 
with the tooth proflle euive^ Ihe aiot ihcUaatioo angle and the dot b-out dimenaions. la addition* the 
wire alio and bneket geometiy infonnatioa are acccobled, and tool size and deaianeo Infomutioo aro 
15 taken into norowpt. 

WUhthlainfon&aUoo, abradcetpiocemeocjig iideaigned forNCeontroUednuutuiheturotoposiCioo 
the flot, and thereby the bradcet, preelady on tooth. 

In Fig. 8D, aplastie jig 82 ia ahown whieh engages the walla and bottom of the bracket slot ftdly.. 
Addliionally ^ the poitioa of the jtg 82 eontactiag the tooth designed to be formed to precisely fit the known 
20 contour of the tooth, a» determined by the profiles input in step (500). This aastiie* thai the brackct slot and 

beaee the bracket Is placed at precisely the correct height when bonded to the tooth. 

BrackeU are placed so that the sloa are not necesaarily perpendicular to the long uis of the tooth 
but at varying degrees of canL The jig 82 accomplishes this goal by the use of an adapter 84 that fits into 
the bndcet slot 82b and a coplanar slot 84a (Fig. 91) to engage the plattie blade jl^ 82* as Ulnstnted in 
25 Fig. 8D. Hie jig design substeps, which aroprefoably pcdonned In step (3500) and bduded b the detailed 

flowchaitof the jig manufacturing stq> of Clg. 2Z, are summarized b the flowchart of FSg. 27. The design 
IS eooveited into CNG code b stq» (3500) for oontroUug the jig fotmbg machinery 4 1 primaray to cut a 
contoured surface that conforms the profiles of the tooth so that Iho jig litt b npredse position on Ihe tooth 
to position the bracket for adhcsiott to the teeth. 
30 In instaUation performed bthetreatfflcotopcrslioo (89), ihejig 82 blbed up with the long axis of 

the tooth ciown when viewed fiom either the front or faciai snrfaeo of the tooth and from the bitbg or 
ocdttsal surface. A plastie blade fona of jig 82 offers visual refercsce to the hdgbt of contour of the tooth 
and dignmcot of the bradcet with the nurgind ridges. 

fogy ^rrf^^tr ^r"ifrr"ritf Pr^dun^ 

The appliance maaofacturbg procedure (^, aa Blustrated b the flowchart of FSg. 2D, eotaila the 
generation of eontzoUer codes for NC msclunery to produce the bradcets, archwires and bradcet placement 
jigs designed b the appliaoce design procedure (96), and the manufacture of Ihe s^iaoce coflq)oneats with 
theuseofthemaehbetycontioUedbjrthecodes. Tte procedare (97) bdodes tho steps of : 

(3000) Controlltag and opening the brackcs fonoiag machinexy 39 to prodocp the cui«>m bndceu: 
The bradcet manufactoxbg pxocedttce of the preferred embodimeot bvohres the gencsation of NC 
GodeforthebradcctplotciittbgiDm39ofFig. lD,asmustratedbthoaowchaitofFtg.2X. Tbestep 
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iQvohres the gMDcCrierdAtbg of tho tooth prordebrcmnatioaPi^rorc^ 

isfonnaUoa of the ihape of (he tiirface of the tooth to which the bnckcc is to be titAched from aq>s 
(300) aad (400)» aad the flicbwire pluie, iIoi i&dbBtioo aagle aad slot depth iofonaatioa (torn steps 
(1200) through (1700). Is addhioa, the bracket Ibiabg step pcrformi U» l^cUoa of adecting the 
bradcctblaAk from whidi the btadcet U to be fabricatBd. The bcedcd blank U made «p of a base or pad 
that U attached to the tooth aad aa outwardly projectiag wippoit bto wbidi aa arehwize slot is fonaed. 

Tbeprerenedcmbodiffleat iodudea thefoimbgof biackeuby euitiagcucu»m ilota hbradcetblaakf 
while presaving the base indioatlon aagle. Brackeu could be dtcciutivdy fabricated by bduuag the 
bracket bases or pads. Addhioaally » bracket baaea otay be contoured lo coaferm lo the surfaces of tbe 
teeth^oraboodiagagcatmayrdltheipacebctweeathebraGketbaseaadtbetooth. Fuitherawre, whUe 
in the preferred enbodlmcott, a m edt an ica l outer blade forma the bracket, other ncaas tocfa as wire 
WM, machiahig, castiog or stereo lithography may be employed. 

0200) CoatroUiog aad operattag the Wiro-beoding machinery 40 to produce the custom arehwires: 
The cofkwareihatoperaiea the eomputcf 30e to drive the wire bcadiag apparatoa 40 reads dau fHea 
15 geocratedforihemaadn)ularBndmajtmaryarchwiresmstep8(1600)and(17M^^ Alsoread 

by the ton^uter 30e are data oa the characterisUcs of the uaformed wire 69, iodudiag that rdatiag to 
the mataUl of whidi the wire U made» as WeU aa iu croaa-sectioad diqw aad dimcaiioo. The file that 
is rewl coatains coordioated data regardiag edeulated archwire aegmcat leaglhs aad radii which 
eumulatively describes geometrically the desired arehwire dwpes. As explabcd above, the arehwires 
codOA of a sequeace of taagcatid arc segmeats with each segment a particular length and radius. 

The arch fermiag aoftanre determbea tbepoaitioo of the roilcr 70b of the aavS 70 that is required 
loptodueo a givca radius in the pafticular wire materid aad eroaa-sectloa by going to a }ook*up table, 
previoady derived aad stored m a file acoecsibte by the oomputer 30e» coataiabg coastants oeccasaiy 
toconectforeadiwiremBteridaad«roffl.sectIoa. The asvH 70 b driven to the dedred podtwa to 
25 produce the required radius and the feed roU motor 70c is driven to create the desired leagUi of wire at 

that radius. Bjr adjustbg the positbn of the aavU roller 70b aad length of wire fed for with the roller 
70b ao adjusted, arcfa^to 64 of the cdeulaied Ibd icqveatid taagcatid radii are fiWiratftf, 
. OSOO) CoBtrdlbg aad operatbg the jig formbg DBCfaisery 41 to make custom placemeat jigs for the 
locatbn of the braekeu oa the patieat'a teeth: 
30 'I^e«BKbiaBGOBtnrfcodesforeonlnUbgtheJigformbgmacbbery41arBpr^^ 

the tooth proliba gcaerated b step 50Oaad from the aichwae plane loeatSoa of alcpa (1200$ aad (1400y, 
the dot bdioatioa steps (1300) and (1500), sod the dot uw)ut dimensions from the stq»a (1600) aad 
(1700). As stated above, the jig denga step (IWO) is prefciabty pedbrmod b the course of, aad is 
described bctda as part of, the jig maavlacturbg step. 
35 The proHle data, whidi rtpr es cats the profile curves with a fairly high resolutioa of data poiats b 

a series of itrdgbt tine segmeats for devdopbg the codes for drivbg the NC equqimist. Tool and 

bradwt dhaeasbas aad design ciearaDCC* are also takea iaCo aecouot, aad CNC codes are generated to 
cut jigs from circular plastb wafers oa a staadard CNC mill udag a small carbide eadmiU tool. The 
dctaOs of the sttbstcps of the step P500) are (adndcd b the Oowcfaart of fig; 2Z. 
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<P« A9bllaHet ThintmlnhtH Pneedun: 

Ooc of Ibe ttlUnuOA objectives U to place the custom oitbodootic appliftoce 23 into the hands of the 
oithodoatisi 14, along with the tools and iofonnAiios necesuiy for the proper inttaUatioo of t2>e appliaoce 
25 in the mouth of the paiScat 12 lo treuitbe patieat fay novmg the paUent'e teeth to the finich 

S poikioaa* Tbit u beat uaderatood bjr lefeictiee to Hg. !• 

ReferriDg to Fig. 1, as set foxtb above, the eonfiguratioo of the preferred ayoem 10 will vary 
depcadiiig oa the oature aad scale of the oithodomiit'i practice^ Pteferablir, all or moch of the appliance 
design portion of Iho procedure (87) takes place «t an appUaace design facUlqr I3» although In n large scale 
oithodootbclbie, tbeeotlie process could bo coriied Ota at thepatiemtrtatmctt 

10 the ftmctioas perfomed in the design computer 30b, or design poition of the computer' 30, are earned out 

at the applianee facilitjr 13, together wUh some of the manufartiiring functions pesfomed by the 
manufacturing control computer. 30c and the appliance manufacturing equipment 38. . 

In the configuration where, as illustiated, somo or .all of the appliance 25 is made at the appliance 
facili^ 13, the custom appliance 25 is tr anss i ht cd to the eithodobtist 14. Along with the appliaoce 25 is 

15 c nmmnnlcnred documentation in the form of a hard eopy printout of infbnnaiioa 37 generated by the design 

computer 3Qb, which could also include documeotaiion of the input data that made up the data 26 and the 
prescription information 27, and a printout of parameteit recorded by the maaufactuiing eoaiputer 30e. 

The tnasmitted appliance 25 mdudea a set of ucfawiree 64, as iUnsaated in Figi. 8E and 8F, a 
complete set of custom brackeu 80, as Qliutrated in ¥1gs* 8D and 8F, and the placement jigs as iUuorated 

20 in figs. 8D and 9T through 9 W. Along with the jigs K2 are included a set of adapicn 84 thai are used to 

align the slott 80b of the brackeu 80 whh eoplaacr iloU 84a of the jigs 82. The appliance and thebndcsi 
placement jigs therefor are similar ia the case of lingual appliaaces, a bracktt for which Is illttstmied on a 
tooth m Fig. 8G wfane the lingual applianee u abowi^ positioaed on the mandibular teeth b Rg. SO. 

In additkw, custom aichwirea 64 are transmitted to the orthodontist 14. These arehwires indude 

25 arehwires In the exact form, as tUnsttated in Ftg. «E, to taavA iha teeth te> iheit fini»K pftfi'iftn?, 

as illustrated, for example for the lower teeth, b ilg. 4D. b Fig. 4D, (he archwire 64 b shown b the 
wn i trrs s f d stale (or havbg nominal residual stress sometimes motlvstbg some orthodontisU to prescribe 
ovcrcorraccion) that it wtU stub when the applianee 25 has moved the patient's teeth to the 
positions. This is the same shape as the archwire of Fig. SB shipped to the oitbddontict 14. This noish 

30 ucfawlrewillbeofnniatcrial and stiflheudeiermbedtobeappcopriateforthe final post 

Dcpcndbg oitt the severity of the bitial miUpoakbobg of the pstleot'a te^ 

ortemporaryarefawircsmaybedestredfnrbegianbgtbeoitbodontieireetmeoL Thus, addiliMial aicbwlres 
64 of various properties but b the shape shown b Fig. 8E will be provided the orthodontist 14. b additba 
or a thealtcraative to the provision of these additional arehwires, an actual size dxawug or template havbg 
35 IhEScoo the shipe shown bFSg.8Bwm be provided the orthodontist 14 to amblehim to form are^ 

prdimiaazy treatment and rough positiosbg. 

b alteraative configurataons, bformation may be seat from the design computer 30b b machine 
readable foca, for example by diskettB34 or modem, to a manulactnrbg computer 3Qte to which is attached, 
one or more of the appliance component manufacnirbg mechbes 38. 
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Tbe patient trea&DCSt involvet, fintf Ute BSKmUy of the retpcctivo bracket 80, jig 82 tad adapter 
84 combioatioiif, w illitctnted in Fig. 8D. aad the appllcatna of the bnckctt 80 Ukctclry to the patient's 
lecth. TUi involvet the i^icattoBofadbcsWe to the am geserallybtbecc^ 
5 «tbcr labial or VrngaaX, to which tbo bracJctU 80 are to bo applied. Thii ia illuatnted in Kg. 8D, for 

cauunple, with the appllcatioa of a bracket 80 to tbo labial face of a maxillafy Ineiaor Tgj, Tlw aaaemblx 
it poiitiooed on tbo tooth wilh the blade of the jig 82 positioned on a gcaenlly vertical labial Itagual crou 
sedJoD ifaraugh the appraxlmate center of the tootb» ia the ploae that may be laid to eoDbdo the oowa long 
•uiGEi^ of the tooth. 

Whcfl the brocket adbeaive baa act, the bracket placement jig 82 ia removed by ftrci alidiog out the 
: adapter 84 nrai o di rtn lly end then aliding the jig82 offof the bctaal edge of the tooth, Icevfag the biockec 
In the calculated potition. 

Tbea, with the brackets 80 aet 00 the teeth the arcfawire 64 la ioitaUed. Olteo, the fust archwire 
iastalled will be oae of lower AiObeu than the final arebwire. lo the example of Rg. 8F, the mandibular 
teeth b their bUSalposStMoaaOlostrated in FIgi. 4 and 4A are ahowD. TbebraekeUSOarepoittioned on 
the teeth to the exact lame posiUoDS u »bown In the calculated fmisb posittoo diagram of Fig. 4D. 
the teeth are not yeiia this ideal fiaiih position, thearchwire 64, whea inieited Into thearchwiie sloUand 
tied to the bradceu 80, wilt be atrcssed into the elartiealty deformed cbnditioa f^^ This 
stressed cooditSoa of the sicbwiie 64 operates, without the need of the oithodoothit to aztfVdly bead the wife, 
30 to apply the forces to the teeth to urge them toward the kleal positioas of Fig. 4D. This force will coottaue 

to be applied votil the teeth have aunred to the nnish posits la some prescribed fonns of ticatmeat, the 
wire and brackeo are designed to mdvetbe teeth to a slightly overcorrcctcd positioa to allow fora rdaxttioa 
movement of the locth wbco the appliance 25 is removed. 

DETAILS OF StEFS OF APrUANCE ANALYSIS, 
25 TOOIH rOSmON CALCULATION, AND APPLIANCE 

DESIGN A>n) MANUFACTURING OPERATION (S7\ 

Theaaalysto, design and maanfactBriagoperatioa (87), as stated above, iadodestbe(94) inpiit^(?5) 

analysis, (96) design, (97) manutlBCtDriog, and (98) traacmission procedures of a computerized custom 

des^picd appliaaco masufactoring opcratioa. The steps of those procedorcs, as outlbed abovo, laclude the 

30 fbOowiag: 

DleWud Input Pnetiun £94i 
The input of digitized information ladudea the (100) input of patieat and doctor identifying 
. iafotmatkm, (200) the bput of patieat background informatloa, C300) the bput of digitized infotmatk>a of 
the horizontal dimeatlona of tha maadiWaf teeth wmA tt^t ^pin^^ j^vl^r iMwia, (dOfl) tly> jnpff nf hffr W»«f 
35 dimensions of the maxillary teeth* aad (500) the input of veitfeal labial-liogoal profile iafoxmatioa of each 

of the individual teeth. 
aOO) titntUktt^on InfyrmaSton Input Stem 

Jbo first step is the ptoeedore (8^, as Qlnstraied in flowchart of ilg.'2A, Is (100) to input the- 
doaor>patieat ideatifieatba informatloa 17. Thb step (100), as illustrated la the detailed flowchart of 
40 Fig. 2E, inctudea the stibttcps. performed by aa operator 28 iareqwnse to prompu for text input at a 

termiaal of the computer 30, of (105) Input of the doctor's name, (] 10) iopitt of the doctor's idcBtiflcatlqa 
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oumber, aad (1 15) Input of ibo paticot'i name. TTjco, the computer 30 (120) suipu a psUcat idcotiflcadoa 
nunbcr. With this iafonution, (125) apaUcat-^>ccific floppy dUkor 4iakGao34 ii miiommir4>lly fonnattcd. 

r 

Tto aeaa ttcp b the iafonnaUoo isput pioMdnn (94), ttSlutt^ 
5 la tc^ose to prompts, of the patient baclcgrouod iafonsatioo 19, and tho prescribed treatmeot iofoniutioD 

. 27 from the doctor. This ocp, ai Oluitratcd in tho detailed fiowchait of Fig. 2F, iovolvee. the cuboeps of 
(205) emcrins, (fomlbebadtgre«ad iofbimatioa 19, thepatient'a age as muacrical data, aod selectiag (210D 
the patient's lex aod (215) the patieal's race from options on the screen. Tbea, from the prcscriptioo 
infomutjofi 27, the data are eotefed, by selecting, choices from multiple choice prompts, from infonoatioD 
10 such as the following: 

(230) Whether or not the trcatmeal b to indude an extraction, and If so, whidk teeth are to be 
extracted; 

(225) Whether the occlusion type ti a group fonaios or acuipid rise, and if a cospid rise, whether 
aveagea or individual bead rUffi is to be tised; 
15 (230) Whether the prescribed procodure is to presenre lower mtetcusptd distance or allow 

expansion, aod if catpsnsion is to be allowed, bow much expansion; 

(235) .Whether or not the occlvsfam b mutilated; 

(240) Whether a Steiner compromise U to be allowed to accommodate skeletal discrepancy; 
(245) Whether a Roth or Rtckctu inset b to be used on upper laterals, and if so which; 
20 (250) Whether a Roth or Andrews upper lateral oveibile b indicated, and if so, which; 

(255) Which b the preferred slot size, firom traditional sizes 0.018" or 0.022* (0.45 mm or 0.55 
mm), or other available size, of which 0,20" (050 mm) Would often be acceptable; 
CUO) Whether the case b to be treated with labial or Ungual appliances; 
(263) Whether the case b le be diagnosed using ymmetiy or not; 
25 (270) How intcr>incssal angle b to be determined, using tfie Andrews Nofms, the Parallel Upper 

Geniral to Facial Axb Nonn, or RickctU Notm. 
aOOi Maudlhte DiriOzed VUto Input Sten: 

Thefoxming of tbeeomputerizod mathematical model of the teeth of the patient 12begioswlth (300) 
the iapuUag of video or other graphics top view image of the patient's lower jaw, ineludmg the teeth, aa 
30 lUiisttatedbthedeCBfledflDwehattofllg, 2G, Sutbaaim&geasiopmt^U^ 

The step (300) Includes the digitizing and processing of the data o f the widths of the mandibular leetfa 
and size and shi^ of the mandibttlar bone or booe.of the lower jaw 22 of the patient 12 from the horizontal 
plan view of the lower jaw as in ng»'4. The mandible 22 is composed of hard or eoitical bone on the 
.35 eactemal surface and soil or cancellous bone b the bterior. Tbb bone b not as oithodontically alterable as 

b the maxilla. Since the lower teeth must remain in the mandible, determination of iu shape and boundaries 
b made so that a skeletal arch can be defined to be used as a staxtmg point b the calculation of the Ibisb 
•position of the teeth. 

The lower teeth must lie on the mandible 22 b sn arch that may be deTmed as the mandibular trough 
40 iUT, as illustrated m Kg.. 4. The rooU of the lower teeth of the patient are contained withb the mandibular 

trough MT, which b defined aa the spaeo between boundaries and ff^of S!g. 4. The outer, or buccal. 
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awl biicr» or Ibgual, bouadarie* and Bg, RflpectWdy, aro prefenblj digitized hj inttfBctive sdecUon 
by tbe openxor 28 from u nnage 48 of tlie coztiu] bone of tbe audible 22 oo the (crcea 35. Futtbennore, 
Ibe moxuUbuUr teeth must lie ia the ercb in coatAa with one ftsother. Tb^ each ocnipy a poitkn of tbe arch 
equal to the dioanccs bccweea tbdr neifad and dioal coatactpobu with tfaeadjaetai loah. These tooth 
coOfCBltics are also picferabty digitized by iateraoive •electioo from tbe fanage 48. 

To pOO) input dau of the patieot'a maadibuUr teeth iod lower jaw 22, m illostnled in the detail 
Qow Chan of iSg. 2G, (3QQ t video grapbiei imago 48 CHg. 3) of mudibular node! 21 U firA iciptttto ifae 
KTcea 35 of ibo computer 30c Tbea (310) « grid G it overlaid on tbe video uDage of tbe naadibular 22 
aa Ututfrated ia Fig. 4. . Tbe grid G is preseaU grid lines tbat btoscct the iniAge 48 on the screen. The 
operator 28 (315) resizes the grid 0, if oeccsaaiy, asd orieots the image relative to grid G to define X,T 
eoordbiatci with a r axis 00 a inidUDe ML oflhe lower Jaw 22 aod aa X ixis pcrpc&dieal^ 
through a selected iaterseaioD poiot or origio 9^0. preferably set at the mesial cootactpolou of the lower 
GCBtral incisors. 

Ncsit, the con^uter 30 prompu the operator scqueotlally to select each point. Tint for the iodividuai 
tooth contact poiou, then the jaw boaeboundariec With the polntlng.device47» (320) theopcrator 28 moves 
the cursor on tbe screen 35 and selects (e.g., didcs with a mouse on) tbe prompted poiot, thereby uitiatbg 
the software for di^tiziog the X, y cartesian cootdloates of the mesial and distal csaremiUes^x.r ^ ^xr* 
respectively, for each mandibular tooth. The mesial extremity Mg^j of a tooth is tbe point oo its surface 
closest tbe midline ML along the mondibtdar arch (the mesial direction m) \^Ue distal extremity of a tooth 
is the point on iu surface closest the rear of the mouth along (he maodtbuUr arch (the distal direction d). 
From the X;r eooidioaies of Al^^ kf, and M,, and of Dj^,, D, and (325) tbe meniMlistal width BmW, 
of each tooth /, on each side of tbe masdiblo 22» is caleolated usiog Fythagortaa theorem: 

MDW = ^(K, + Dj'^ + (Mr * D,)* 

where: 

J#x is mandibular X eoordinale. 
Mf is mandibular y coordinate. 

is distal JIT coordinate. 

is distal Y coordiaate. 

Tbcio widths are tbea summed to calculate the tetai length MAL fagntrnJ «f tlia mr^\ to «^>^miMi«ji ti^ 
mandibular teeth. Since all of tbe teeth w^ii be flnslly poshloned to be in contact with the adjacent t«>«*«, this 
leogth remains a constant length of any arch oa which the maodftutar teeth are placed in tbe calculations. 

Tbea, by moving tfaopohitiog device 47 to the iatenections of the Ikes of tbe gri^ 
boundaries B, and ff^aad sdectlnglfae i nf r rs ect i oo points, data Is'ii^ror determlaatlon of the shape of tbe 
mandibular trough MT* Tbe pouu selection fuactioa can be made with eonveotsonal available CAD/CAM, 
imagbg or Uhiitratioa software and the pointing device 47. P30) From the selected intefsections of tbe 
Ifaics of the grid G with the maodiblo boundaries B^ and eaitesiaa eoordiatfesLo^r and L/^r of labial 
and lingual llmiu, respectively, of cortical bone on both rides of mandibular jaw aio gcaerated. The Xp7 
coordmaics La and JU so cbosea are digitized as above on tbe boundary Ifaiea B^ aad IT, of the cortical bone, 
between aad inteiproximate the teeth. 
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AtUt tho po'mU Lc U m chocca itptcseatiss the eorttcal bone limUi, (335) nidpoiiit 
cooidiDAict MP„ tn calcuietod bcCwecs each of tbe iadividiul lftbk>-tuigual pain of La and U. Also, 
ealcylaied are the bono width dUtanees bctweeo each of Ihe idpeetivc Ub'io^lDguai pair DLL, as foUowt: 

icp, * J^«x ♦ — ^-5 — ^ ; -MPr = ^f^T * — -^^ — — ^ 
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when:. 

Ifyb labial Xooordbate of point £a. ■ 
I^r ^ ^ coordtBAle of point La. 
Ug is lingual JIT cootdinate of potot U, 
Uf if lingual 7 coordinaco of pointli. 

iheio mldpoiim MP^ one of which is tbe dea igoaied origin MP^ lie on ao etch that describes 
the size and thape of the center of tho casceUouf poitioa of tbe mandibular bone 22* 

At this point, tbe begisaing of the analysis for the calculation of the finish positions of tbe teeth is 
canriedouL The coordinates ofpoiDtsJMPxr«» recalculated fdative to 

nidpoiot b«cwea) tbe maadibttlar centrals, to noimalize the mandibular trough equation to its own 
bdepcodeat midpoint when calculated below. Tbe sum of the individual mandibular tooth widths MDW 
equals the total dental length or mandibular arch length hUL contabed In the mandibular trough ojuaUon 
that wm be cooitnicted through tbe poioU MP^f* l« leferred to as tbe aidi perlmecer. 
At thte stage. <340) themidpoinUare typically avenged right to left to eliminate any asymmetry that 
may be present due to alight measurement cnon. If, however, tbe patient has been diagnosed by the 
Orthodontist l4tobeofaqrnuM4riealaoatoiay,thea(vcngittgpioeeubootperfon^ giwth«A>.>^l,irt*fffP 
20 wilt have been made by theorthodontist 14 in iheexaminati^D procedure (90) described above and cpecined 

of the preecripaon 27 in step (265) of the procedure (92) described above. An advantage of the aveng'wg 
process Is that, when used, it assists the final positioning of the teeth syounetfM 
and will make it easier for an archwire to be produced that is symmetrical from right to left, and thus can 
be made socb that it can be mstalled in mvoted orientation, 

^ 'HteraidlioeJULBhownlnlig.distheajdsofiach^aimctxyeoReGtions. Tim 

each pohit MP^f are calculated u follows: 

Sj-^MP^^ £ ; 5^ = HPy + 

where: 

Sg^f is tbe symmctricalized point MP^r 
hiPgjf it mid-point of mandibular trough 
30 pR^j b a point iMPxr on tbe right ride 

PLg^j b the corrcappttding point 00 left side of the trough 
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With tho completion of thb lyBuaetrie&li-zatioo procesii & natfaeouaieal equatioD kOV, which 
deccrtbcs tbo tize aad tbapd of the mandibttiar trough according to itepi p45), (350) and (355), u derived 
by rittiag « curve to the pomu MP^^r- Prefenbly » this curve u derived by naing a icriea of cubic equaUooc. 
• nidi as a ctibic q>lbe equation, to pan anooihly thnugb the pohti. for example* thrvugli the avenged 
5 midpointi The cvbk equations allow the determioation of the slope of the cnrve si each of the 

midpoints. 

Hie cubic equations are then pitferabty converted b form to a series of segmeou of tangeoi circle 
equations with riopoi equal to the slopes of the cuble spline at the midpoiDts, and equal to the slopes of the 
adjacent drcle segtoeau at the segment end poinu, or their points of intersoction, along the curve. To fit 
a cubie equation with quadratics, two circlet CS and CL are uicd to dc^ribe each segment of the MTB 
between midpoints, as Dhistiated in Kg. 5. Ihis sUows a smooth curve eonsisting of taogeatial circles to 
represent the maodibular uougb. 

The cubic ^uatioa calculations are preferably those performed by (345) cslculatiag cubic splhie 
paramcteiaitquiredtopassasmooth curves through symmetricalized midpoints ^,aa Qlustrated faiSlg. 5A. 
This indudes (350) calcutatbg the slope of the cubie q>liae curve at each symmclrieallxed mid^int 5^7 oc 
5xrt and (355) calculating a series of tangential cirde equations whose slopes areequat at the m!d-poinU and 
at points of intcnectioo along the curve. 

(?45) The cubic spline method preferred uses a cubie, or thitd degree, polynomial to latetpolste 
between each pair of data points S^r- A difTereol polynomial is used for each faterval, and eadi one W 
20 conrtrainod to pass thrpugh the original dau with the same slope as the data. P50) The slopes of the cubie 

equation are computed by solving the slope of a parabola that passea through each daU poiniand its two 
oearctt neighbors points. The cubic spline method !a deceribcd in more detail hi the discussion of the cubic 
spline sttbrovtioe (2000) bdow. 

CJ55) Aigr pelot en the cubie ^lioe equation can sow be ealeulated by using a cubie spline 
25 uterpolatiott. Using this, the cuble spline equation is si4»jected to a cirde segment eonveision by whi^ 

. form of the equation MTS is eonverted to a series of cirde segmenU that interconnect tangentially. Ooce 
the splhie equation is derived, the dopes at each data point are cdeulaied using the point slope method. 
These dopes are utUized to derive, between each pair of data poteu on the spline equation, the description 
of two cirde segmenU, each from one of two cirdes as illustrated in Fig. 5, to convert the MTV to a series 
of cirde aegmeaia throughout iu lebgth. This focUitatea the setup of the teeth, the description of the 
connguiatlonofardbwirea,andthegeneiatlonofNCcodeforthemaniilaetureoftb^ Thespline* 
to-drde conversion routbe is described hi Iwthcr dctafl under fowioe (2100) bdow. 

The hput procedure oontuucs. PCO) Cartesian cooidinatee are input for right and left mandibular 
cuspid cu^ lips CKand CL, respecthrdy, as iUustraied in Fig. 4, P6S) A distance DCn- between the cusp 
tips Gff and GL of the two mandibular cu^ids is then calculated: 



30 



35 



where: 

Cffj n right cuspid X coordinate. 
CRf » right cuspid y coordbatc. 
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CLg left ottpld X oooidiBaie* 
CLf s left ctitpld y Goordiaate. 
ThU Infomatioa is used to csleolstc If and bow much ibe mudibulor intcrcospid dlstsaoo isto bo aUcrcd* 
and to evshutewbctbcr the caleulated fiast pesitioa is soeeptablo. SnBitsrfy, (370) caitctUDCOordiiuics or 
5 right SIM) left ioesU>-buocAlcuiptipi,AiX sad iiL,rcapcetivcfy, of in^ 

and p75) tbe^distaaco bctwcea these poiou DMT is calculated: 



MRj M right fifst iDolar cttip JIT eoocdioate. ' 
MRf a right fim molar cusp y coordinate. 
10 BiLg 8 left first toolar cusp XcoordJnatc' . . 

MLg> a left, first molar euq> Y coordiaaio. 
ThU iafonxMUon ta used to dctennlae If ud bow aueb the maodibulBr iotcnnolar dlstaoco Is to be-oltcred. 
(400) MaxUla DlidUzed Videa Innui 

Af with the mandibular Jaw tofonaatloo described beoaaectioii with fig. 4, <400)aciNDpu(er bnage 
15 is made from input in the same manner from the yspptt model 23 of the maxillaiy jsw 24 of the patient 12» 

as iUunraied in the flowchan detail of fig. 2B. Ibis involves the substcps of (40S) isyutiog a video imago 
48a of maxillary model 23 to the computer sereeo 33. The ioiage 48a is illustiated ia Fig. 4A. Withtbe 
maxilla. It b abt necessazy to overlay the grid G on maxUlaiy imago oa the screeo. shiee the bone of the 
maxSla is a variable that will be altered orthodontlcally to accoomiDdaxethe (xoish potxtions of the teeth. The 
20 orieotatioo of the axes and positioa of the origin are inunalcrial to the calculation of the idatsve diitaoccs 

such as JMDIf of the teeth. Only the seale must be maiatamed. As i^ the mandibular htfoxaatioor the 
image of the maxillaiy jaw 24 is displayed at a acale predetermiaed by the scaoncs>-33. The scale la involved 
m the ealcolatioo of the maxiUajy tooth widths MDW, 

(420) Cartesian coordinates of mesial and distal extremities and of fAch maxillaiy tooth are 
25 then input aa with the mandibular teeth and (423) the mesioKliKtal width MDW of eaebmaxiUafy loolb Is 

calcolaied using J^rthagorean theorem, thus: 

where:' 

M^ b mesial Xcoordiaste. 
My U mesial Y coordinate. 
30 Dy b distal X coordinate. 

i>rb distal /coordiaate. 

This inforaution U used first to determine whether the maxiUaiy and nmiw<i^ y |y tf^t h are correct 
b propoftion to the meoodiital widths MDW of the other. If the pioportioai are joeoiTocK, a tooth nze 
dberq»aaqrni5bsaidtoexbt,andthebrofnattoabteandedtoitp^ TheilDira 
35 - of the maxiUaiy teeth are later used to place the maxillary teeth upon the asadibolar srch. 
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Next, (430) coordioates of the ceatraJ fossu of right and left oualUsiy dm molart are input. thea» 
(435) the dictooce becweea ccatnl fossae JDC^ U calculated ai followi: 



Rg U right side c^eatral fosca X coordinate. 
5 ' iSy 11 right tide ceotnl foua Y cootdinaie. 

Ly is left aide ceaual foiu X coordinate, 
ia left aide ceatral foaaa STeeordiaatB. 

This iafonnatJoo is recalculated after the tooth finish positions ore calculated to coincide with the 
I>Mr S{iaeing of the maodibular first molars, and compared with this inidal mcasuxcmcat as an indicator of 

10 whether the intcriDolar width will ht changed by treatmeot and the amoiiot of snch change, if any. 

m> mwiOT^ Pnh€ TmA Pnme Innat SUo: 

The next input asp (5(X>) involves an analysis of the dentition, as illustrated b the detailed flowchart 
off1g,2L In this itepttetectedprordesofcach of the teeth are generated from either the model 20, or from 
a.digitized three dfaneasional rcpresentatloa of the patient's teeth or the model 20 aa Ulnstrated in Figs* 3A 

15 and 3B. to the illustrated cmbodtmcia, the use of the probe tucmbly 57 of Fig. IC is used b thia step. 

Where the fiiU three dimensional scan haa been employed in rtqi C30P)» as could be produced with * 
the use of the laser image genentor (Fig. 19), or as could be produced whh moire image geoeraior or other 
teehnique, a digitized computer model is produced. From such a computer owdel, wlild is an clectroide 
version of the model 20 in tho fonn iHostrated in Flgs« 3A and 33, planes or other croaa-sectiboi through 

20 the teeth are selected that contain extremities of the teeth. The throe dimcaiional tmagee may be dliplayed 

on the sereea 35 aaMl profiles geniraied either with the pointing device 47 in a manner aimilar to il^ 
the mechanical probe described below, or automatically using available CAD or illustration imaging software. 
Whether ibe profdes are generated from a physical model 20 or an ciectronie version thereof, much of the 
input step (500) and/or the landmailc sdectioa step (600) may be similariy employed. 

2S In tha preferred use of the informaibn Drom the probe asaembly 57, a single digitized profile curve 

PF Is eonstructed for each tooth In a generally vertical plane extending m an approximately labial-lingual 
orientation generally along theeeatral developmeotal lobeperpendictdar to themarginal ridges. Wliileother 
profQca can betaken, the need to do so is reduced by Intelligent plane selectioB made whh an understanding 
of tooth anatomy, depending on the data required by the tooth poisStioning and appliance design criteria 

30 employed. The selection of the profile plane Is illustrated in ftg* i where a first profde FF^ through the . 

ccater of the tooth is shown as missing the buccal cusp which is the aaximum crown Ughpoint of the. 
tooth. Ftofile PFg Is thcq edecied to bclude the buccal cu^, and the xidge of the profile is foood to 
geoerally align whh the lowpotntof Fi^. Alternatively, the profile may be aoa-planar to pidcthe important 
• features of both planes. As such, the profile produced will be comparable to a proJectioB onto a plane of 

35 the relevant tooth extremities. 

Tho step (500) of analysis of llie dcatitloo includes, first (505) exammatloo, by the operator 28 of 
the computer 30a, of the marginal ridges of the upper eeninl and upper lateral teeth. If ridgea are eiccesrive, . 
a determination is made to take a profile twieevnth the probe €0, once by smoothing the teeth, for exan^le 
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wUliWM, forarcb eooiduutjoa Aod oace without nsoochiag for pUcemeat jig geometry. Otherwice, fttiDgle 
profile takea acrou tho buccal cu^ will oootaia iofoniutioa of ibe ciowa height of the tooth aa well as 
appioxlmatiog theprordo of the tooth through Us meslodktal ceater inlh aoeiuB^ thatia lisiiaUy sufncteou 
Then, (SIO) a dctcnninatioa ia nade aa to whether cioa Of two traeca of naxiDaiy iacbor 
5 aa in ctcp (505) abayo. 

(5 1 5) The comptttcr 30a b coaftgored to receivo MqueatUl caitetiaa coordiaate patN through ao R5» 
232CfCTialpoftrcpreicotiDgtoothprordeanasoiiiy fiODtbeoctbago&aUy poahloaed <«« pi,»«>«NTi^ tf«a qtiif^ 
61 . (520) The computer 30a prompta the operator 2S to enter the proAIca of each tooth aeqoeotiaUy. In 
rctpoase to the proapta, data pobu of each tooth are bput, begfaming with lower left molar 70^0 aod 
eadiog with upper right molar T(U,Rf6), aod • diiplay 63 of proiBo PFg iotage la geaeraied. The output 
cifcuHaattociaied with thotr&Bsduoen 61 are configured to dlgithedata values at periodic timo intavalt as 
the probe 60 is moved acrou the teeth from the time the probe flrst rtaito to move aaosa the tooth uoUl the 
operator eaten a command or key ctroke iodicatiag that the scan la complete. Then (525) the input prorUe 
dau of eaeh of the teeth ia stored In memoiy by the eonputer 30^ The rcsuldng piofilea PPf are Uluitrated 
in Fig. 3C. These profllet, at this stage, are ootrdatcd to the posjUons of ihetecth within the mouth or with 
respect to other teeth. Thus, each of the JIT'lTooordioates of the individual tooth ptofiies are indqieadeat of 
eachother. la step (60(0 below, the eoordinato exes of each tooth will be oriented with respect to each 
other, aad thereafter* in later stq>a (800H1 100), the coordinates of each prafUeare tiuslated veitieaDy for 
proper occlusion and horizontsUy for plscemeot on their respectivo arches. 
30 (9Si Analrsb wtdFlnlih TmA fpy/ff/^iy i-.i^,^^tt n„ Pr^eedu„ 

The calculation of the finish povtlona of Iheteeih, as illustrated la Ihe flowehait of Elg. 2B, includes 
(600) dcscnsintng the relative posiUoas of geometric laodmarics on the lurfoces of the teeth aad establishing 
theaxisindisationaof theteeth, (700) calculating cuipid rise, (800) initially poi^tioniagtho mandibular teeth 
vertically aad in relation to the mandibuhir trough, ealeulating a best fit eu^ tip equation for the 
25 maiidibiilar teeth, (1000) calcutattogUierinishposiaonsofthe mandibular teeth on the beit fit e<)uation,a^^ 

(1 100) calculating the fuish posiUons of Ihe iaajdUBxy teeth on three arches related to the best fU equation. 

After the individual teeth have beco digitized, the inputing of tooth shi^ dau (^) is cooplcle, with 
Ihe digitized bfoimation 26 stored a fde. Thea^ referring agab to the flowchart of Kg. 2, (95) the input 
dau 26 b aaalyzed to develop or derive ftnther paruBeters for ealculatmg the final positbns of the teeth aod 
for (96) the desip of Ibo applbaco 25. Ia the tooth posUioabg aaalysis (RS), aa illurtiated b'tbe ftowehait 
of Hg. 2B, (600) a tooth profde analysis ia made b which, for example, eettab ■n'^'MnTCtl laodmarics are 
chosea, depeadbg on the tooth to be analyzed. The detaila of the tooth profde analysb ate Sluttrated b the 
flowchart of il8.2J. 

35 b the tooth profde ooalysb ctcp, (605) individual images 63 of the profite corves iV^of each tooth 

(Fig. 3Q are recalled sqtarately to the screen of the eompoter 30b for selection of the laodmarics. 

Usbg the dii^Uyed images 63 of the profde curves PP^ (610) ipedftc landmark poiota are chosen, 
first on the aiaadibutar mobrs aad bfeospids. The selected poinu are digitized u illustiated b Fig. 6. The 
selected points are; 

40 FbbtPi: The Ungual .(tongue side) gum/tooth btersectjoa. 

Mit P^ The promineaee of the Ibgual euip. 
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FblDt JV The promiaeoce of the buccal (check side) cuip: 
PbmtP^* The buccal gum/iooth tntencctioD. 

Fran tbcM loBdmArict* (615) the cnwn loog uU of each molar and Uciupld profUod U 
. TbodetcnaiaalloftUinadebycoiu^nic^ 
liae L, between points and iV Tlw crown long axis (XA of a tooib is the Use between the midpoints of 

Uoo Lj is ooattnicted through point 
and point bj the foUowIog equation: 



15 



20 



a 



" Xaad y coordinates of point Pj. 
Xf,Yj » X and ^ coordinates of point Pj, 

lino L, IE constructed through point Pj and point P^ by ihe foUowing equation: 



Xj*yj » X and r coordinates of point Pg, 
X^y^ <= X and IT coordinates of point /V 

A point equiditfani between poinU and i», along lino L, is then calculated and defined as i*^* 

wher^ 

Xj,fj B X and y coordinates of pobt P^ 
XpYs »' X and Y coprdbates of point iP«. , 

A point equidistant between points P, and P^ along Ibe £, is also calculated and defined as thn 
Gin^al Ceoia Point GCPi 



' 2 ' 2 

where: 

Xg,Yf n X and y coordinates of point Pg, 
Xr ^4 and y coordinates of point 

^ The line defubgUio crown long axis CXAU constructed usitt$ the fbUowingeqnation^ 

where: 

^)V«°^8nd ycoordinatesoftheeeoterpohitP»^ 
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^00*^119 «e X and y coofdiBitet of giogivat ccotcr point GGPxr 

For oioUr and bieujpids, pointPj» the buccal ciup tip, ii defined at the Inclaal Center Point/CP. 

Stmllarly, (610) tbe anatomical Undmarics and crown long axis CLA for the mandibular cuspids, 
laterals and ccslnl teeth are detensiocd, ai Qlustrated b F^. SB. Tbopoiota Jj through as labeled m 
5 Fig. 6B, are aeiected aa followi: 

Point P,: The tbgual gumAooth intersection. 

Pcint Tbe lipgua] aspect of the Incical edge. 

Point' JV The buccal a^ea of the inclsal edge. 

Pobt P^ The facial gumAooth intersection. 
10 Aa^ththebieuspIdsandmolan.IbesZy and are constructed. Tbe laodmarici m the cases of 

Ihe teeth as illvstrated b Fig. €Bp are chosen beca u se tbqr are relatively tolcnnt to o pci a te f error aa 
lelecttoa* This eaa be aeea by the set of broken lines that are possible alternatives to £9 b Fig. CB. From 
these landmarici (615) the crown long axis CLA is determbed.as defined above, by eonneetbn of the 
midpoints of and 

15 The next sup b the analysis is tbe detcrmbation of maxUiaiy deotitbn for each upper molar and 

Ucuspid. (610) Anatomical landmarics are Identified and chosen as illustrated b Ftg. 6C, which requires 
(612) the tdection of a fifth pobt, Z^, defined as follows: 
Pobt P^x Tbe Ibgual gumAooth btersectbn. 
Pobt Pj: The promlncaee of the Ibgual cosp. 
20 PobtP/ The proraincoce of the buccal eusp. 

PObl P^ The buccal gumAooth btcrsection. 

Pobt P^ The mesial margina] ridge of the tooth at central groove. 

Rcfcnrbg to FEg. 6C» from the laadoarks, (615) the crowo long axis CLA of each applkable 
moxillaiy tooth is determbed. 

25 The (610) anatomical laadmaiks for the maxillary euspida, laterals and central teeth are determined 

ns illustrated b Fig. 6D. Tbepobti labeledPjthrougbP^aresdected, as folbwsuUluttated b Fig. 6D: 
Point The lingual gumAooth intersection. 
Pobt P^ Tho' Ungual tspca of the bcisal edge. 
Point Pgi Tbe buccal aspect of the inclsal edge. 
36 PobtP^ Tbe facial gumAooth- intfrsnrtion. 

From each of these acts of fandmarira, thecrown'long axis CLA ottaA such tooth b also deterinined 
as described (615) above. 

Thb conpletet the loop (610) for all of the teelh. 

Nexi,aBfttithcrillucinXBdbFlg, 6D, (620) seed vatuci for settbg the crows long axbbdinatbas 
35 LAI of the teeth, bilially, such seed vdoesouy be derived from analyses that identified the facial axis plane 

PAP through the iacial axu point PA of the tooth (the mi^tnu of the height of tbe dblcal crowns along 
the Cidal axes of tbedbical crowns) as ifescribed by Dr. Lnwrenoe Andrews. Uls, however, contemplated 
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that CLA ■aatl valuea for vm^im pnpuitiAa jwmp« t.n»:..mi|y «v*rfyrf tn thff miirtc of the prmctlcc 
of Ibe prcseat bvecUoa, aod wQI produce unproved trtatmeat rcsulu. 

Hke seed Vttluc* >bowa in Table 1 below are typical for atucasiaa malea. Tbete teed valiie» for 
tooth lA/, ttbulated in dejiee* from Ibe horizootal lbgual (OC) axis, wQl vaty to fcflect kaowa varistioos 
due to iucb tbbip as . sex. 

The preferred seed vaIucs are ibowo In Table 1 bdow are typical for caucaaUa males. Tbeae seed 
values wiU vaxy to reflect ksown variaiioiu due to such thiags as sex, race or trealxacai p]aa. 



.'Tooth 


MaxiUaiy 


Maadibular 


Type 






Ceatral 


117 


107 


Lateral 


111 


107 


Cuspid 


108 


100 { 


r Bicuspid 


94 




2''Bieuspki 


94 


80 


r Molar 


X 


X 


2*< Molar 


X 


X 



TABUSl 

The computer iiuges as niauoftrized iu flf^, 3C for each tooth (630) areibea rotated so that the CUi 
b orieoted at the angle lAi, the long axis Indination angle, to the mandibular trough plane MT according 
to the Tshiea ia tUle 1. This competes the final iaclinstioos of the teeth that will be pmetved in the 
eatculstions below. This produoes the oriented piofacs FPsommarized b Kg. CE^ 

In the analyses of Andrews referred to above, the lAJs were extablUfacd with a lue drawn 
tangeot to the facial surface at Fit, and line rq>reseotiog the relative ioclioatioa of the archwire plane drawn 
through FA point. The angle between tbe Ibcs was established at tbe bclinatlons fcpoxted>y AodrewsTor 
patients with no Bkeletal dtacrcpucies. The angle LAI between the crown long axis OA and a line 
represeotbg the oaxallary aich plane la which lies the mandibular tipugh cquaiioo MllS is related to the 
bdal iacttnatioa angles of Andrews' studies by taldng mto account staUttical^ the thickscsces and contours 
of the teeth. Table 1 above was derived, after osttoieal ptocessbg, to produce the seed value vted for the 
final bclinaiioa of the crown long axb in preferred occlusal design. 

Onee the tooth profUcs have been rotated to the in<dioatioo an^ea UU, certain precise vectjcal 
dimeasions and cxtrcaitlea can be detcrauned. Fzom Ihe digitized profile carvea, wUeh aro stored u ' 
ocmoty in the form of a scries of closely q>a6ed poinu, the precise iaclssl tip as Olustiated in Hgs, CT, 
6H aad 61, are idenxiHed on the cuspids, laterals and centrals. 

Additionally iheelevatioa of Ibe marginal ridgeF^ is identified. Tbe marginal ridge elevatiboAISS, 
whidi b the vcniesl distance from U> F^ U ideaUfied oa the maxiUaiy pooerior teeth beeattse 1^ 
the centric stops for the buccal cusps of the oundibular molan and bicuspids. In other words, point on 
the mandibular molan and bicuspids coatacu pobt on the maxillaiy molars aad bfcoipids when the teeth 
aniagetlier,asiUustraiedbphantomUttera;,bng. €C ForamcroprecbepUeemcstbalesseommoa 
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ease wbcce the suxilluy ridje is narrow b icbdoa to the mufUbular (jphastom lino PH^, a more 
detailed thrcft dlmcniloiiftl analyria of the tooth mhapa on uAm into it««MHt lyif^itiffnwl rffimlfoii ncrdni. The 
ealcQloUoo otMRB (Fig. 6Q u mado after rotatioo of the teesb to their proper UU Indisatiosi lo that UXB 
wiU be a vcrtkal dutaaeOf where 1X7 ii mmueA r^tf iva tn iK* plMm «f thg 4firtal ■prh. TbeHlUncused 
5 aa the buccal cusp taei^ BCB ia the calaUation of cuspid rise aod aicbwiie plane placeasat ai deteribed 

below b the discussioD of 1^. 7A and 8, mpectivdy. 
(700) Cuspid Riu tkUminoHon SUk 

th^ next itepof tba anatyiuproceduie (37) ia (TOO) theealculatloa of ciupld riie, DhulxBted la detail 
io the nowchait of Kg. 2K. 

10 Moa ofthodotttisu cuncsdy desire a cuspid rite occtusoo, m which, in tatoal movemeot of the 

lowcrjaw» the ctt^idscauae the other teeth 10 diicludo or to cetDoapBct. Ia enter fisr this to happen, the 
overlap of the cu^ida must be greater than that of the other teeth when the teeth ate together. Thla ia 
eomplicaied by the fsct that the cuspids (/oj) are close lo the froat of the mouth and are therefore further 
from the condyle or pivot point PP of the Jaw than are the posterior teeth (/> 3), as Oloitzated by jdisunces. 
15 pjf hi Hg. 7. Tbb resolu in the leethxloier to the back of the movth moving Icai than the euspSdi oa 

opcoisg. This differential rate of movement must be included in the calculation of cuspid rise or the back 
teeth will remain in contact after the cuspids have cleared each other. Also, the distanee DPP from the 
occlusal plane to the pivot point PP of the condyle of the jawa must be considered, as itlusuated in S|g, 7. 
A fiulure.to provide for this distance rcsulu in what ts known as working interferences. 

Aecordbg to the preferred embodiment of the present iavcotioo, where cuspid rise u prescribed to 
control occlusion, theeontribution of cuqiid liae ii diMrihiuaJlMiMm«nii«>inMtiu.y r*iiirfi»iilaf f v ipidi, 
with two pans of the cuspid rise provided by the maxiUaiy euspids and one part the ■wi»«tan«i.f lipids. 
This distrsbutioa is applicable where ocdudoa is solely to be a cuspid rise function. Where occlusion Is to 
be a group function, as spe(»ried by the orthodontist 14 in the prescripUoo 27, the distributioa between the 
upper and lower teeth is geacrally equal. 

In the sttbctcps perfonned in the calculation of tho cuspid rise (700), iUustraied ia detail io the 
flowchart of Kg. 2K, the first substcp is (705) to acquire the bitial vertical distance or buccal cusp height 
BCB from P^io the marginal ridge for each of the right and left maxillaiy firtt bimnpids T(U,4), second 
bicu^ids T(U,S), first molars T(U,6), and second molars T(U,7)t as illustrated la Kg. £C This is the 
margtaal ridge devatlon MRS calculated for each of these teeth b substcp (615) of step (600). Then, from 
aaatoflucal'sauty, (710) the cuspid rise vertical be{ght CK required to clear each rcipeethre pair of teeth is 
determined by finst eompuang the values b Table!, which aro derived from the jaw iis->««i»«T DPP and 
ZVf^b Fig. 7. requored to dear each respecthre pair of teeth is delermbed bf firrt coniipBtbg the value* b ' 

35 i.67jBCBtfT(U,7) 

L50xBCSo/T(U,6) 
U6jBCBc/T(U.5)and 
lJ0xBCH<^TCU,4). 
TABLE2 

40 Then, (715) from the products of the buccal cusp height BCB for each such tooth multiplied by the rise 

factor listed above, the largest value b selected. This selected prodoa Is the cuspU rise required lo dear 
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Ibo moa prombeot cujp and provide group functioa occluiion. TbU !■ Oliutnted m BCB^ io FSg. 7A for 
the CAM wbcfo ibe fixit molm are ibe lact lo dear. 

(720) If the group (unctiim hMhfni ir t cctrt btbeprc»criptioo 27 provided by (heoithodontia 14, 
tbe calculated liM U used as ii. U cu^W g«idJUM» hai beeo idected In ito pre^ 
ortbodooUtt 14, Iho calculated cucpid riae factor muA ftmbcr be modined to give typically 0 J to 0,75 mm 
of dearaace over ibe largea riae lactor by muIUplyiag tbe buccal cutp beigbt i^Cff for cacb tootb by tboriw 
factor Uited above and adiEctfaigtbelargeit figure, cbea addiagO J to 0.75 iud addiUoaa] cuspid overlap Co 
obtain and adjusted euq>ld guidaoco cucpid riic 

<72S) Calculation of caq>id ovettsp or cu^td tiae CR for maxillaiy and mandibular cu^ida U 
prefaably u foliowi: if group fiuciioa haabeeaidected, mandibular iSaa equals 50% total group fonctioo 
rise, and roaxUlaiyriaacquda 50% ofiheiotal group ftttcUoB riae. If eu^id ftmedoa haabaea aeUNted, 
mandibular rise equala 34% of (be total cuqiid guidance rise, and maxIUaiy riae equala 66% of ibe total 
cuspid guidance rite. 

Tbc neasiep b tbeaaalyait procedure (87) U (800) tbemaibcoaticdcon^^ 
ocduaioo to calculate tbe position of tbo mandibular teeth. Tbo details of tbis step aro iUustrated m tbe 
flowchart of Kg. 2L. TTw fim calculation place, tbe lipa of the mandibular 

pending fuial idincmenl of tbe placement, aa diignwnmatimlty iUiistialed in fSg. 6B. In tbia step, tbo 
incUnationa of the mandibular tooth crown long mOAtn pi«ecved, end tbe teeth are moved upward 
20 •^»^CLA»amitiItbdrtipaa»ebdignmortwithtbep|«eoftbotopo^ TheGU'e 

aroplacedtomtertecttheW73?bdowthetooth<?Ca». Because the teeth are indined at differoiiLA/t, or 
long azii bdination akgles. the tooth tips wOl cadi be diflereatly offtet from the and ibua noi in n 
smooth arch. 

TTie substepa of the mandibuUr placaacnt step (800), iUustraied hi the flowchart of »g, 2L» an aa 

25 follows: 

(805)Tbetdlcsimandibulartootb,wiihthe«cq»tionofihecuipIda^ InFig. 6Flbia 

islUustntedaatheleftmandibularceotrd. Tlie taUcst tootb la the tooth the greatest crown bdgbtCff. 
Tbe crown height Cff U the distance, in the r dirertloa (with the te«^ 
(600), from thoGCP, tbepointofinttt«xtion of linel,and crown 

cu«p» (for posterior teeth) as HlusUated in Hg. 6F and (for tbe anterior tecCh) to eitber tbe adnl 

center pbtatiCPor. preferably to tbeiodsdtip JC; aa ilhnra^ed iaflg. 6C. Thecrawii hdght Cff of the 
taflert tooth, shown iu the left macular eeatrat iodaor In Fig. 6F, b the maximiim crown height MCB 
of the mandibular teeth. 

Thca, (810) three parallel plana are ^^iJ^ifrtrif- 

a) nn i/Cff reference plane A/CSPpuaUd to theX^, and pasaingtbrougb an origb 0,0, act at ibe 
GCP of the tallest toctb (figs. 6F and 61): 

b) *Buccd Oiqi Wane BCPpandld to Xwuis and paasiog through coordinato AfCT on the tallest 
tooth cngs. 6F and 61); and 

c) » Cuspid Rise H*acCRPp*naidloJfHaU end p«sing through e^ 

<0 «»PW rise cdculaied in step (700), whero the cuspid risoopUoahaa been lelectod. 
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Witfa tlw pknea ddUwd^ (SIS) tb« orieated madtbular tedb up placed mcb that ibe bi^beApoIat 
oa buccal cusp Up or IneUal tip /C of each coatacU the buocal cuip pUoe BCP, for aU teeth except the 
cuspids, aa iUujtrtted Aotber b fig. (F. The thereby U e^lbhed aa the ocduaal plane AfOC The 
lefacace plane MCBP ii let equal to the plane of the nuindihtilar mwjh MT. lUisctithAGCPof the 
5 tallcsK tooth 00 the MF, with the GCF s of the mnaisbg mandibul tf teecfa above it. 2t alio kIi Ibe oodmal 

plane MOC a distance MCB fnm the masdibular trough MT^ The fibsolute highest point oa a tooch cxown 
iiprefcnbly ttied to align the teeth with IheBCP. Such npolnt eaa bo detcnnined by additional point 
•dccUon b itcp (SO^, aueh aa by tbodirect lelecting of thepoint iC for Iho precise beiial tip, or piefcnbiy 
by oilculalbg the highest point directly from the proHlca of Fig* 3C or from three dimensional images as 
10 b Figs. 2Ap 2B after rotaUon of the teeth to their final indiaaaoo angles LAJ, at the cad of step (600), 

The aejtt stage b tMi step ia to establish the mandibular eompo n eot of cuyidr^ This involves 
(820) vertically movbg the euipidi by, for euffiplo* slidbg the cuspkU along their ctowa kmg axes, such 
- that the cu^id cucp tips are at the appropriate height above the mandibular ocduasl plane, that is, b- the 
plane CRP, 

15 At this stage, the venkal positions of the mandibular teeth fdatWe to eadi other axo cslculaied; 

providbg a basis for relaUag the Y coordbatea of the bdWIdual mandibular lootb profiles with icipecc to 

each other as illttstrated b Hgs. €F and 7C. 

Ihea, with Iho mandMar teeth vettieally positioned, the teeth arohorizootally set at tempoiao: 

posjUons with respect to the MTB, which Iks b the plane of the inandzbuSar trough JH7 Q^CBF}, Tbb 
20 bOfizoDtal positioobg, b effect, relates the X axes of the iadividuaJ tooth profiles b a borizoatal b-out 

direetion with respect to the mandibular arch and special mesiodislally aloag the r«t*«tt^ vlf>r ereli. 

Because tbe preferred goal, however, is to position the tips of the teeth b the sflMOthest arch b an 

occlusal plane rather than their gbgival aspecu b a smooth arch at iIm maodibul^ 

a horizontal distance OFFSET tot each tooth Is calculated, based on the tooth nod the cnnvn long axb 
25 iodbalbo deteimbed.b step (600). This ofTsetta the borizontal dirtance from the JMIZT to the tooth 

tips when their GCF't are placed on the i/TV. 

For osaiidibular ceatnla and laterals and cuspids, the OFHSST U calculated by dividbg, by the ' 

tangent of ZAf, the vertical distance from (I) the btefsertlon of crown long ads OA Bod the bdnl tip IC 

to (2) «he inteneedoo of OA and maximum cusp bd^ refeiieace plane MOiP. The vertical distanoe mj^ 
30 be calculated from the /C to the MCBP (equal to the y coordinate of pobt /C, producing the Incisal center 

vertical distance /CD.) For maodtbnlar latec«ls aad eeatrals, /CZ> equals A/CBv I^r ouadtbul v enq»ida, 

/Ca> equala the maDdibular cuspid rise eompdnest, whbh b MCB-^iTatal OO/S when ciupU rise function 

ocdu^n has been selected. The calculsibn of the OF^ffTfor ceatrab, lalerab and ciupids would- thus 

be as follows for the bdspn and laterals: 
35 OFFSET iCD/lttn(Un 

(831) For mandibular bicuspids and molars, referring to Fig. €F, the OXRSSTb ealculated as the 

borizoatal distanoe.from point to the btercectbn of the CXA and the JfC3V as follows: 
OFFSET ^ [MCB/m (LU)J BD 

where BD equals the borbootal Uistanee from poiat P, to inelsal ce&tei poiat ICF, 
40 Then, (835) tbe m&ndtbular trough placement pobt MTPF U dclioed as the iotersection of MCBP 

and CLA^ as Ulustrated b Figs. 6(i and 6H. For the tsUect toothy AfTPP b iu GCP, as illustrated b 
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Rg. a. n»l/CHPb atthDicvd oftbcmMda,ttlartnnighandeo»tabilheilJ2?, mjMIWU the point 
oa Uko tooth that ic iniUally placed 00 the ilTV. 

Nctt,itf(emngtoHg.7B*od7C,ltotoetharopUcodwiUitl^ 
M»ddottmti»e. Toiehlcrwthi^(M<9tto«rtwutiooCa^^ 
5 once for tbe right side, u follows: 

ThD maadibulftr (rodgh equation MS it fint adjusted fof the maodibolar coUnOs to iocrease tbe 
«dii by the wao«i« of the eeoind OWOT for thai^ 

lWDghofr«tc«rvoW0WofR«.4B. TTMii«Wof theJOTiefcnedtoafothoieortheiOTdefii^ 
the dxdcaegmeiit foim of the cqoatioa geemi«d ia sttp (30(0 with the q>rtoeto drdecoevmioa routioe 
(2100). Since the OmSTi of the t«th diffa. the MO may be viewed a. e discontinuou. cqoMlon when 
conttmeled in tUs manner, made op of legmeata. each containbi the tip of one tooth and tp$ctA labial^ 
luguaUy from the MT8 by the smount of the faidividual tooth's OFPSBT, 

Begbaiag whb the left side, the eoitml U pl«sed, « aiuontfed h. fi«. 7B, by plaeiag ica iaesial 
««t«PoI»tllCPaktheintef«ctionoftt^ 

the effect of the placing Jflf??of the tooth, whi^ b the intenection of the OA with the JMCTO" or MT, 
dn theifl3f«Kj the iadadtip/Cof the tooth on The tooth 

an c^uatioa la explained b detail in the dcK^Uoo of the tooth placement louUne (2200) below. la the 
plaeemeat of tbe ecninl, adrcle C, is anutnicled with aiadiua equal to the mesiodbtal width AfDTf, of the 
ceatraJ.tootb sad whh the ceater of the circle aitbe me^ coataet pobt AfCP of the tooth at Sniersectioa 
of the midlbe JfL with the oRsa curve MO^ Tlta, circle Q is c«n«tnicted with a radius equal to AWW/2 
aadwIthiliceotercolnddentwiththeeeatoofelideC^ Thea,tbemter,eetioa»ofiro«ghofrselcurveWO 
with the ciictee C, and C, are found, its iatersccdoa with the clnJe being the dittal eontaei point DCP of 
the tooth and it. laterteedoa with the {^boag the locrthn 

tfi(^lat TMPb hero defined as themldpototof the me.iodi.tal widUi of the tooth placed oa aa arehfoim. 
whlehtothe.hawectioaoftheaitbfomwhhaveitlcallabto^ ThUmid- 
poibt 2WP of the central tooth on the Af(7 U the approximate positloa of the ioctaal tip IC 

Dctermioiagtheiatersectioaaoftheclrclcawiaiiheoffscttrou^ 
tn>ogh.feqttlreafcfcatlficali«,ofwhWielictoaectorlm^ TUaeare 
idcaUriedbycompariaonoflhoXcootdhiateaofthelatmecli^ 

pohiu DCP of each of the eeatral teeth to determine which segmcaUof thetnmgh eqmuii^ wiUbetiaed. as 
eaplaiaed more faUy In the deacrvtioij of tho tooth pU^^ 

FmaUy,.disialeontfiapobiUneX«ytbcoastnictedftcU^^ 
iatcfsectioa of cirde C, with the J/C>. and through the ceater of the idcallfiedcirdoaegmert of the the 
«iumded3OT.oawhidilheI)CPofthetpothliea. Thiato 

llieJfOcnrvethroughthedistaleontaatpolaioftheceotraltoot^^ Similar rmesWWP are constracted for 
the ecaicr of the tooth TMP, 

^5) For each of the rtmaiaiag maadibular teclh oo the tame «do of the arch, ia dUtai mqaeace. 
a n ew mamlibalar trough ofte calculated . t^ mcpamliag the 
by the amomu of dm nea tooth's OWSBT and with teaier of the 
40 «^^^yf">°»*«^*OTaloagthepriortooth'idirtalcoD^ 

this tooth's OmET. Ibis U the AfCP for the not tooth. C3rele C, for the tooth b eontected ^ a 
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ndiiu «qual to tbe mcalodisxal width of tho tootb ftod with itg center at their ccater point MCP, Oido 
U comtnicted with ft nditt» eqiul to MDW/2 and with ccatcn coiacidcut with cixtJn CI* 

For bicuspidi and molaxs, tho tooth a^poiou IMP cca be oeuidend m ibctr pobuiV Ttm, m 
with the ccBlnl, the jitfr n rct i n Q i of AfO ud drdet C, and C| we calculated ibr Ibcae ledh. The distal 
contact pointf JDCTof theae toeth are at the btersectioos of MO for the tooth and the Kxpective C^. The 
ceotm of the teeth IMP ue at the btersecttooi otMO for the tootb and the rapective elides The HO 
aector legneatf wUefa the ciiclci intenect ate identified. ^deetSon of the aegBeots b made by eonporing 
the X asd Y coordmatea of ioteraoctioof to X and Y ooordinatea of diitd contact potota DCPs, Finally^ e 
distal eontaa point line DCPL Is eoostnicted from adected segment center to the plane DGP, The came is 
' done for the ecoters of the teeth 7KP. 

(848) The stibrttps (842) ate tcpeated for all of the rwniiining mandibdar teeth on the ttmosido of 
thearcb^ Then, (849) subtteps (840H848) are repeated for the teeth on the opposite side of at^ 
(900} Btit FU MandlbvlnrArth Bauathm SttB: 

Theobovestcp (800) leaves the crown long axes CLA of the mandibdar teeth intersecting the tfCOP 
tefcrenceplane, which is at the levd of the mandibdar trough JlUat or jttsi bdow the giogivd cater poinu 
<?GP of tho teethe dong the mand9>dar trough equation MTS, The discontinuoos offset equation HO^ 
howercr, contains tbe approximate tip* of the teeth hi the ocdusd plane MQC, with the teeth iiregdarty 
offset as represented by the dlseentiniious ilO lues hi Sig. 4B. To plsce the tips of the teeth into an.ided 
arch, (900) n fmd equation for better placement of the buccd cusp tips and todtd edges of the mandibdar 
teeth hi a coetinuotts arch ts dcvdoped. The devdepmcntof the best flt equation Is iUuctiatcd in the detafled 
llowchaitof Flg.2M. 

'When viewed pcq>eod>cdarly to the ocduul plane OS in Figs. 4B and 7B, it coo be seen that the 
buccd cuip Upa and indsd t^a of all of the mdividad teeth do not Ue dong either the mandibdar trough 
equation orthe same geometrled cxpanciott of that equation. In fegt^ Anm. mmJI Y»ritf iont^ it 

. is ttdilcdy thai the tips will fall on any ctnooth curVe when the loOth CLU intersect n smooth eorve at the 
mandibdar trough u the MCBP and tho 2Ab are preserved. To remedy this, the equation is statistically 
dcvdoped that bert liu the cup t^a and ineisd edges of the mdividud teeth; n Best Fit Buccd Oup 
Equation BFBCS. In the fonhtdation of the equation, the eoordmates of the right and left tooth midpokts 
TMP, the JCPs or iCr in Fig. 7B. are preferably averaged. The equation BPBCB may be obtained (910) 
by use of polynomid or other bcder or least square tfertstlrd techniques to arrive at a best |jt equation. 
These are avdlable in any of n aon^ of of^the-dldf softwaro paeim^ 

Such a ^iVO? equation is plotted hi ng, 4Bw Once the 9l9Cff is detenained, it m^ be (915) 
cooveited to a circle segmeot equatiott hi a maaoer such as with the splme to drde cooversloo rootiiie 
aiOO). Thisequatlonprovldesabasif fornovlagtheteethlabidlyorlingoally fromthedisM 
equatioaifO toplace the t^ofthe mandibdar lecAmasmooth arch hi theo^dusdpl^ 
in Fig. 7C To do this, b the next step the profde planes will be translated bodily hi their own honzoatd 
X-da»cttetts (which is an X*Y movement hi the coordinates of the hoiizontal pIanes)/ffloving thft ir hSTPPg 
olf of the MTV hi tbe if C39CF (or Ml). . 
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aOOO) Afandibuhtr Sett PU Arth Piaemtnt SUtf : 

After itAtltfieaUx deriviog a best fit eqtuUoo BFBCB, (1000) posUloni of tli6 imlividuU mandibular 
tettb are catealated to mnilateUiea bdatiy , cStbcr UbiaU/ or tbgually^ ao that their tipa fall oo the bcrt fU 
curve. This step U Uliiitzated in «letaU in the flowchan of fig. 2N. 

To achieve this, <100S) the mesiodistal eonua point of the mandibular central, the point UCP, aa 
u fig. 7B» ia fim placed on the utertectwa of the midline iiL with the B^Cff b t^ 
WM placed oa theM0.ia atep (SOQ). Thm (1010) clcdca CI and CS^asdelbed above, for tho tooth t(e 
GonstniGtfid and their inicwcctioni with the BFBCB curvd are fouod. Aa with the placemeat b atep (800) 
above» the iatcnectioa of Cj with BFBCB la the distal contact pobc DC/* of the tooth, and tbo inymrttion 
of Ct with the BFBCB curve* la the cest^ pobt IMP (which aligai with /C) of the tooth* Thb, tn effect, 
novcttbotootbBOnDAttotbeoSrcleaegmeQtoftbeir^Carai^^ Then, (1015) new ' 

cireJes Cj and Q are eooitrttcted with ccotcrr at the distal center pobuDC/^and (1020) sttbstqu (1005) and 
(1015) ate repeated for all teeth oa the came ^of the maadibular arch. Thco^ (1025) stepf (1005) through 
(1020) are repeated for the teeth on the other aide of tbemandibnlarareh. The pbecncat uses the tooth 
plaoeaeot routme (2200), the desenptlon of which below cxpUina b detaO the placcncnt of the m«iirfff»ff|fif 
teeth on the BKBCfT.. 

Hub step bodily traailaica the tecili m & gcaetallj horizontal directba, and rotates the teeth of the 
mandible Aoucth^ CLAt to ptacobcisal edges and cusp tips, aa detennbed brtcp (BOO), oa theBmCB« 
With the completion of Ihii step the Hnished positions of the mandibular teeth aie. caloilated and tlie 
mandibular occlusion is finalized. At tins point the mandibular oodusioo can be envisbned aa an idjcal setup 
cast b stone, to which the maadllaiy oedusioo will be fitted and idated. 

The finish positions of the mandibular teeth are illustmed b Fig. 7C b which tbo JIT-r coordinates - 
we those of the horizontal aich plane*. A vcctical Z coordinate, pcrpcadicular lo the horizontal X-Y plane, 
is aligned with the ITaxea of the iadividaal tooth piofile pboce. The X ceordiaatea of the profile planes are 
aligned with the labial-Ibgual directions £a-£| b Sag, 7B. 
QlOOyMaxmarr TocA flacememt Stii,: 

The eonstmctfon of ocdosion requires (1100) the fitibg of the sBBxillaiy teeth to the already 
positioned mandibular teeth. Thu is accompUsbed bj deriviag a ewdified best fit btiCGal eaip equaU^ 
BFBCB for the maxHUiy teeth b the step illustrated b detail b the flowchart of Hg* 20. Unlike with the 
mandibular teeth, with the maxOlaiy teeth, thecusp tips of thepostcrior teeth and incisal edges of the anterior 
tedhareootietbasbglaaKfa. The maxOlaiy teeth ato rather set: (1) the ccatial gtoove-mai^ 
ridge poinu of the majdllai^ bicuspids and molars on the BFBCB, (2) with the maxillaijaatertora spsoed 
labiall/ oif of the BFBCB to allow Ibr ibeisaJ ovcriap and & clcuanoe between the lingual sniiacea tbeseof 
and the labial surlaeea of the auadibttlar teeth, and (3) wUh the cuipid ^ps b the areh geaeraUy between the 
first maxiUafy Ucd^id and the lateral iaclsor. The atcbcs oa which the austillaiy teeth are placed aa 
B h ist r ated b Fig. 4C, as explabed above. 

For the maxillaiy incisors, the modification of the BFBCB first bvoWes an aveiagbg the distanea 
from pobt Pj to ^eStA Pj on the oumdibular indsor bcisal edge, and dividbg bf two, to K-^t^tht aich that 
win coatab the labial surfiBce of the tooth adjacent the incisal center pobt JCF of the tooth, wfaieh is 
generally the point F^ This produces a tmifoim distance from the best fit equation to the contact pobt of 
the facial suiftce on the labial side of the mandibniar anterior teeth with the f-^ in l point oa the Ibgual tide 



PCrAJS93/10858 



-48- 

oftbeouxilluyaiiteciorieelli. AoMlditioiul diataBM^of^icaltyoae-quaxtermmint^^ 

•vccaged dtitaace u> pravide m «lig|kt CUamc€ bccweeo the upper And lower wiierior tedli. Thu ii 

Oliuttaied in Rg. 7D. 

Hie DaxOlaij anterior dcniiiion b set for vnticBt potiiioii idadv« cp the oeduttl ptuid MOC 
accordiag to ocdiuioo criteria iclected to provide a predctenniaed ovcdap. From tbe ewpidriKcalcutBlSoa 
of ittp (700), the votical poiitioaa of tho laaxillaiy co^kU are known tdaxive to ibe r^^nrfrhflnr occlusal 
plaoeJfOC Forfflaxillai7btenlaaDdoeatc«li,tbeve(tkalpo«hMaspiw^ 

prescribed eriicrU, putting theirlugual bdaleonlactpoinuwith their maadMarcouoteipBitsoo tho AfOC 
piano. AUtcetboreindbedattbDpicscribederow&longaxisCUiDdiDalioa^ 

In tbo (UOO) placentent of the tectfrof tboaaxiUa. or upper janr 24. with to tboso of the 

mandi b ul a r, or lower jaw 22, (1 105) three arch foma ara mathematically defined. Tbeae are (1106) the 
naxiUaiy anterior arch fonn MAAF. (lUO) the central groove oar^ ridge arch fonn CGMRAi^, and 
(ni5)themaxiIlaiyeuvidarchrormJtfC4F.ftaaiu«iaiedlnF^ 4B. IboKUFiacstabUihed to position 
the nuxilhny indion with icspect to Ibe B^Gff ao that the^ Uo^ 
ofthamaadOHiUrlncifion. The OCWR/iFif eatabllshod aejMmtofwm theJMH^ 
bicu^idi and molars contact their mandibular coontopacu with their central , groove marginal ridge 
intencctionpoiouJuxtqMsedoalimmandibularbuecalcuspa; theit/CIFiscttsblishedieparaief^othe: 
A£UFand the CGJOAI^bccause the cuspids have a (tin difrerem lel^ 

(1 SOQ Location of the MUFreiative to the BFBCB itquires a circle aegmeal tadius expanrioa of 
the BFBCB equation such that the lingual surfacca of the maxiUaiy inciion, after being adjiutod votieally 
to provide a predctennined overii^p, wiU contact the labial iace of the mandibular indaon at poiota *r« fffrf 
labiaUjr f»m the BFBCB with the predetermined aeartmce. This expansion is calculated as the cvcrage 
distance between pobts and on the four maxillaiy Incisors and adding the prcdetenabed Qtanuta of, 
typicaHfO^om. This«iipanslon,socsiculated,iaaddedtotheJ»OTC»cirdeacgtt«^ 
BKuUaiyaatcrioreoatactarchfoimMAAP. TlieaMi4Pi.thMal»oe3q»fes«ed«acitcl6eegpieiilequatloiu 

The caleulatioo of the amount of circle segment radius expaodon of ihe SFSCB needed to deTme 
the MAAFU made u the midpoint of the meaiodistal width of either maxillaiy central, 7W,in fig. 4<X 
Thiswouldbethe«tersectionwJih«TOC»ofeifcleCibKg.7C. The tooth la placed on Che jnaxiUaQ! 
contact arch form equation HAAF such that the mcslsj contaa point of the tooth is on intersecdon of the 
nudUoeiO. and the maxiUaiy contact arch form HAAFQn^ 4Q. (1108) TUMAF te defined as foUowa 
with icspciBt to upper bterals and ccatnls: 

UAAFm BFBCS + 2^{t} (Avg) 4 Outnnee 
where: 

t B number of teeth (4), 

iivg a 2 (to find midpobt), and 

aeonucr « 0 Jinun, igrplcaUy. 

F,indJ»jarepoiouoaiheniaxiUaorccaindasdefinedinitep(6W^^ Aide«:n*bcd above, the crown 
long aies of these teeth are aagulated relative to the ocdusal plane at the crown long axis seed valuea 
Btazed in Table 1. 
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(1 109)TbelootfapUceDaitprpceedamttceocdaacei^ihetootbjplaec^ 
bdow. Tlie placaneot positioni the IidsuaI facet of the centra] leeUi on tbo MAAF, with the ccatnl mesial 
contact point iiCPf on ML, Ihe midpoint TMP^of the mesiodtsial width of theiM masciltaiy tooib U Ibca 
placed 00 the maxBIair cootadarcb equation l£«UFnieb that the mesial eoatactpobt MCTjIouchei nlbe 
oonnal to the curve MAAVmA through the Attal cenisa poinl JDCP, of the previoua looch. Ihii procedure 
i^llea en one aide of the ccduslon up to the cuspid. Tho other maxUIaiy side ia constructed aimiUriy. 
The next Mibtfq) m the conitroctioa of the maziUaiy ocdustoa ia (11 IG) the definition of the locatibn 
: oftheerchforhofizootBjplBcefflentofthepoitcriorteeth. The teeth are e^ act at theUlvaluei of Table 
1 from itcp (fiOO). (nil) The hitertectiona of the marsisal ridge and the cotral groove^ whicb» if not 
a^aratdy aelected in atcp (600) may be token aa pointP, in fig. iC, aroj^aeed over the buccal cusp of the 
eppropriate mandibular tooth wboae euspa wcro prei^alj poaitioned on the beat lU bueeal cu^) equatbn 
BFBCS, ThiM, the CGJMK4F coiocides with the BGHJVu.ihowa bl^ 

■ For the moxillaiy cu^ids, (1115) the cusp t^i are placed on tome smooth arch between the be 
' HAAFaaAt^CXrMXAF, Pteferablj,theirtiptareplacedoatheBF9CKejtpanded by tbesvermgeof the 
' diataneca therefrom to the inciaal tip of the latcraland ta tha hueerf emy tipa of tiia fiy^ m'^xil lt ry frHnrpMi, 
Tbia labial dittancs from thii pomt to the buccal cusp tip of the first bioupid may aitenutively be utcd to ' 
piece the distal contact pomt of the cuspid, with hs mesial contact pomt io eoocact with the distal contact 
pofait of the lateral : Hie pohit to which the BPBCB moit be ejipanded to locale the bueeal cu^ tip of the 
fiht bicuspid for the two above alternatlvea it PafUi4) ^ FJ0$^* The eupUa will thereby be apaced out 
20 fromtbcff^BCff by theavengeof*disUncecqualtothehorizootalerXdiatan6efromP,toP^ontberirtt 

maxillaiy molar, aa Ulustreted m fig. (C, and the MAAF, 

Alternathrely , the cuqiidt may be placed with their mesial coetact pourts ifCPj on the JMUAF and 
with their distal contact pobis DCP b Ibe with the mesial contact pobts or with the bueeal oup t^t of the 
first maxiUaiy bicuspids. 

25 A third altanathreinplaebg thecucpida.iato use the aame criteria Ibrdearanee with the mandibular 

teeth used for the definition of the MAAF. Following the detcnalnation of theHClJ>; the caipids placed 
adjaceotthelaierala whh thetipathereof on the3fC4F; followed by thosuoccsshreptacemeot of theponerior 
teeth whh the marginnl ridgea thereof oa the CGMRAP {ftFSCS), all according to routine (2200). 

b rdatittg the profile and archform drawbga and equatioaa above* k ahould be noted Chat the X 

30 dimension of the profiles on which and are defined aro vertical planet^ and thai the JTdircctson in these 

planes conespondt to the labial direction b the horizontal planes of the arcfaforms. aa was explabed for the 
maodibubrtecibbconnectionwithng. 7C. Hiut, addition of aaXcoBponent of a point on a tooth profile 
to aa archform curve resulu b a labial expansion of the archfbtB, or^aa iaerease b the ladlot of the 
eorrespondmg circb ecgment of the archform circlo aeries equation. 

35 Atthia point, inionnationfrofflthepretcription 27 froffltfaeoi^^ 

(1 120) which maxilbfy aaterior vertical ocdutiop method hai been selected. Theoclhods may bdude, for 
example, (1 121) Roth ocdusion, (1 122) Ricketta occlusion, or (1 123) theprefened medwd, referred to by 
tho inventors aa Ban occlusion. These are bdow. 

Where <U2I) Roth ocehirion has been cdected, the maxiUaiy cu^lds will esdcad adictanee 

40 equal to the cuspid rise CR below theocdusal planeKOC, and for tateralaaad ceotiab, iheteethwiU 

a distance CKja to 0.5 the cuspid rise b^ond the occlusal plane, as Qluttcated b Rg. 7D. From step 
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(725), tbc trcaloest is cdectod to apply eitbtt $roup fuoctioa or cuspid rice AiactloD, aad Ibe iccpectivo 
cuBpid risp qmntitio for iMniiliuy cuiyids uc dctcnmacd. From tbolowett point on buccal ({aclal)cucpr 
. a diaancB U mgMura vertlenlly upwml to n 5 fin^ ^h^. ffrtfrtmion ftf ftffltiMi plftnfl MOC nnd 

entnlttdtatenlifictb.. IfnropiofUMwcfetakea.tbepioinethttiuludcamar8iBilildgetUi^ tlie 
5 ia t e n c cti oM of HOC whh each msxilltiy iadtor are del^aed ai fbUowi:' 

Fadal intmectioD with MOC « fiMOC, 
Uogual iiiteneiAkm with Jtf<>C » IUI9C; 
Ibe distaoce ftom UMOC to flMOC^ DW, li compttted as follows: 

10 wbere UMOC is the coatact point wiUi MAAF, 

Where (1 122) Rlcfcctts ocdtitioo is pzesctibed, the naxiltaty cuqiids also ectoid bdow the MOC 
by adistanee Ota equal \o the cuspid rice Cff. Ute latcrali ate positloacd such that the tips are the dictaoce 
CRfg of KOom above ibe cu^id tips, and the distaoce CK„ Is such that the t^i of the eemrals are O^oun 
abovetbecuipidtips. From rtcp C725), is which either group functibo or cu^idrico foactioa were selected, 
1^ the retpeeiiveciupid rise quantities aseappHed for the ouaiiUaix cuspids. Thea, froa lowest point on buccal 

(fadal) cusp, a ditfaoce of 1.0 mm is measured upward on the laterals and a disunce of 0.4 mm b measured 
upward on centrals to fud the intertectioa of MOC with the central and laletal teeth. If two prolUea were 
takeoi a pronie that lodudes the marglaalrklgce bused. A line b Iheo ooottncied ttuougb the poimt on 
the buccal cusps parallel to the Jl/aC Tlte iateraoctioos with Uie leelfa are defined aa fbUews: 
20 Facial intmection with MOC » FIMOC 

Ungual inteiMctioa with MOC » UMOC 
tHOMAccDLFXtom UMOC 0 FIMOC "dTmip-XiMMi 
where UMOC b contact point with MAAF. 

Where (1 123) Ban ocducbn has been selected, the maxiliaiy cuspids will exicad a distance CR^ 
25 equal to 0.67 of the cuspid rbe OK bdow the ocdusal plane tfOC,latenU extend a dbtaneeCR„ equal to 

033 of the cuspid rise CR below the plane MOC^ and the ccatrab extend a dbtance GR^ equal to Q.SO of 
the cuspid rise CR below the pUne MOC Aa with the above, from step (725), a which either group 
toetioB or cuipid rise fiuetkm were idected, the respeetWe oupid rise quaataks are applied for the 
maxiUagreaspidi. Tbea,foBthelowestpoiat<mbueed(fi»Gb0euip,adbta&eeof0J3of^ 
30 . CRbraeasttredi9waidoatbelataaU,sndadistAnceorp^ofthecuipIdriseaibmcan^ 

the eeainds» and the iotcrscctiott of the teeth with the plane KOC b found. Utwo pcofilca woe taka, a 
prtitilothM hu-liwtfa wHrglniil ridges b Mwd, TbeMOCplaneaadtheiBtscsectloDawUblheteelfaaiedeCDed 
as foUows, as illustrated on the eutpid b Hg. 7D: 

Facbl intersection with MOC bJ^MOC ' 
35 Ungual fn t OTect iop ^ MOC » UMOC 

ViutaascDLFftomUMOCwFmOCm X„«peJia«fc 
L/JtfOC b contact poiot with MUF. 

The (1 ViS) elected horizontal ocdusioa b sdected. If (1 126) the Roth maxiUaiy anterior horizontal 
ocdttsloa has berocelected, DO further chaagec are required. Thb result b the lingual suriaces of iheteeth 
40 formiog a smooth arc If (1 127) the.Rlekeits maxillaiy anterior boiizootal oedurioa has been selected, 

changes axe made to cause the bbbl surfaces of the teeth to foia a smooth arc. Hib requires riodiag the 
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lu^ett DLP, or umOFmOCA]ABM for die uatxali;, Mbtractiog tlie oikr UM0C'mi0C^]aaaGC9 
of ttMiiiciwn fh)mthU hrgestdittBoce, iddiogtbe rt^^^ 

point liof ttaU7 aloag lioe UMOC-POiOC^ ud cttabliibiag • oew poiiii «t wbicfa the UUOC b to iatcncct 
tbeJiaC 

ir(l I2S) tbe EUa borizoDta] ocdusioo U sdcctcd, which is the prcfemd and Ulostnted cmbodimeat^ 
the beraootfll tooth placemeoi pro^i at tet forth bdow. Because, ghrea the overlap of the maxillaiy 
iaeiMin, the latnal-tingoal thidcBesKi of the anterior teeth are greater b the plane of oecluaion than the 
dittaDeeiyi*«ttsedto cftlralate theJ)£UFaodtheJtfGiF, ofrMttmuabecalculaiBdaiid thooa»Uaj7 teeth 
placed again oo the oficet vcreiona of these aidiforiDf . 

Rrtt, b calcttlatbgtheposUioai of the teeth to provide the horizontal ocdusion, (1130) a distanee 
b'ealeidatedriomlJWClo/a>lbrtbemaxabiyecatralia^ This dliunee !■ referred to aa 

the maxBUry anterior offcet MAO, thua: 

MAO ^imOCj-lCP^ 
(1135) The maiUUaiy CrctbicDapidoftoJMBOb calculated: 

(1 140) The naxiUaiy tooth poiHioaa are then teealenlated, one aide at a tbie, with ^eapect to th» 
offset fluxlllaiy arch fonoa defbod above that contab the buccal cosp tips and bclsal edges of the maxillajy 
teeth, Thb u achieved by seodbg the rdevaot pafametert to thepUccmcot louibe (2200) and calcolatbg 
plaeeBwotb the same Baaancr as shown bng«7B for the naadibularteelk For the smidllaiy ccnlnls» 
(1 141) MAAF is adjiuted such that the MAAF ndU are ioccwsod by ihe amouzit of the MAO. This curve 
is now called oi^aiy contact arehform ofliBet MAAVO and is Uliutratcd b 4C. 

CabubtioBofthepoatbnsoftbemBxiUarybcacatf OBthei£(MI^^ 9eeot6»axMV9Vh 
the tooth placement routbe (220(0, ctoics the qiaees between the teeth th^ 
xoMAAfO. 

The btersec^a xitMAAFO and thearcb midlbeML ii the mesial contact point JtfCI* of the tooth, 
AciretofibcottitntctedwhhniwUttieQualto the mcsb<Baal width M Itsceaier 
isattheimersecUonpobtofMfUFOandJkL. The interscctbnofthe circle with MiAJ^b the dirtal 
eootaapoiolX>CP. Tbco. circle b eonrtnicted with aiadioi equal to MDW/2. that b half tho m<>.w»xwit 
widtbMDir. Its center beoiacidcaisl with tbatofCi. The btei»ctioa of the circle with the JtfAlTO 
curve b the nid^int of tooth TMP'and Ihe ineiaal center point iCP. 

The btcmctioaofMLI/'Oaad circles Q and are to construe Hie curve defined by 
MAAFO and the btertectbn of circle C, b the dutal contact point DCF, Tho btosectiona of MAAJFO and 
KAAIV circle a^meot lines are found. The Xcooidbates of the btmectbtts am compared to the X 
coordinates of X>CP to determine which aegmcnt*a center will beiiaed. 

A dbtal contact point Ibe DCPL b eoostncted from the selected aegmeat center to the DCP. 
SbUbr^y a cemer of tooth line TMPLbcoatfntetedtrom the sector Thus, the tooth 
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i/JIIKrUoaMU^MdlhetoolbmiodU^ TbolocadoD of iWOC 

. is aoeordiagly decenntoed by addbig DPL to the UAFFO circle cegmeDt ndiuc through the TMP, 

XttUAAFOt IDcetheifO forthemudibultf teeth, Udtontiauow, with the iuchformbdag ofljKt 
diAiErc&tl/ for the dUfticntmtx21u7 teeth. AoooMiagj^, for the maxniaiy. latcnlt, the prior KiiATO 

5 ic|dieedwiAtheM^FidjoitedcBehthAtihe>£AAFfadU 

The tooth't MCP U the tooth's MAO diitaace from the MAA^F along the prior tooth's dutal cootsct point 
line DCPU Circle C, Is ooocmicted with n radius the mesk>dista] width of the tooth and with n ccater at the 
tooth'sJ/GP. The iotersectiott of C, with the JfaCUJVb the tooth's Orde b coortncted with 
a radius ojual to baif of the tooth's MDW and with • center eolneldeat wUh that of circle Cj. The 

10 in t ersecti o n of circle C, widi MAAFO is the tooth*a /CP. 

Tbea, the btosectioos othSAAFO and ^MAAFO lector linet «ie found. The and / coordinates 
of intersections are eonpared to the Jt and K coordinates of DGPto dekcrmbe which c^meot'e ccater wBI 
be used. A distal contact point line DCP is constmcted from (he selected segment ccata to the DCF, 
Similarly « ccater of tooth line ZMPL is conmcted €rom the sector to t^ 

1$ For the maxIUaiy cuspids, theprioriMAFDbclfaninaled. A new arch form, the maxillary cmpid 

arch form MCAF, lieoniputed to plaeetbe onpidbecweco the liienl and the first bicuspid, la oaepKfcmd 
approach, the MCAP b coamucted oflset from the BFBCB by tU average of the OPPSSTs of the first 
bicuspid and the lateral, u calculated in substcp (1135) above. Whh exceptbn of a new oich radius, the 
cu^ld is placed as above. 

20/ For the o>axiII«iy bico^ida and molftfs^ the arch fonnOGMRAP', which ii the A/27Cff, 

isolbetbyjMSa. CGiOUF is adjusted by addbg ilB<? for the rc^eoUve teeth. The cuspid tqis on the 
MdF, which was ofTset from th&BPBCB to align with thebuccal cusp tips ofthe first bicoipids b (11 IS) 
above, are thus blbewhh the pocterior buccal oi^ tips. From the cuipid i>a», cardca and Q are 
coastnictcd and DCPl* are establiahed. This sequence Is repeated for raaabder of the leeih, eoo^etbg 

25 ' the lelation of the maxillaiy and naodibolar oodustoos. The finish positions of the maxiUaiy **f^h are 

aiustraxed Fig. 40, 

^ At thbpobt, the rualpositwna of the naxlUaryttdh have bees calculated, and thus, the 
. positioBsof allof thetecdi, 

AuDllanet DeMteti Pneedun im 

30 The appliance dedgn procedure , bdudea the Ocps of (UlOO) detmbbg the location of the 

naodibular archwlre plane rdatWe to the calculated fbish positions of the naodtbtdar Iccih, (1300) 
wJcnIwifag theapgb of rarh mmid ibelar bradtct slot rcUthretb the meuntbg larfaco of thercycctive tooth, 
(1400) dctcnninbg the locatioa of ihe majdliary archwlre plauB triariwa to ihecrfeulatei finish pfftitiOBS of 
the maxiUary teeth, (1500) calcalstbg the eagle of each maxitbij bnckxc slot relative to the mountbg 

35 surlace of the fopective tooth, (1600) cabulatbg the ahape of the mandibular archwire and the slot inH>ut 

dbicanoa of each maadibtdar bracket, (1700) calculatbg the shape of the masdUary archwire and the dot 
b-out dimeasbn of each maitillaiy bracket, and (180Q) edculatbg thecoatoors of bsadketplacemest jigs for 
each tooth. 

fl20fl) ManMtdarArdiwIn Ptn:iM Subt 
40 The next step is (1200) to establish thepositbo ofthe arcfawtxeplane for the mandibuhr teeth, whidi 

is Dlustiated b detail b the flowchart of Kg. 3P. The archwiro plane can be located b an bfioile nombcr 
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of vcrtict! poiMoM tinco the brBckiti »a4 trnttrnk^ wM be dctigncid lo arffommodnyw my cfaoiea lootkm. • 
Sinee the overlap of the aviUlAiy teeth ii Idowd, (or. labial bracket placcmem, the mawnbuUr vcbwire 
plane U set to provldebmket dcarmce fog the maiiHuiy teeth ia the fmitbcd occlttwon. For lingua] bracket 
pliocacor, tUa eonridcwtlnn b gives to the maxfllUisr aichwire plane bttcad. Is step (1300) bdow. 

5 Sbee the mmjlla^ teeth do set peaesbiecfcct totegfewacedileaaas with labial brnfkrt plaf<mcnt» 

the bcacketa can be poskioDed for eace of placemest, eoametk coasiderstipai and ^ghral health. This 
applies to the oasdibttUr bracket poutioning where lisgtial bracket placoneot to used, lypicaltjr, these 
bnckeCs are leeatod nor* ecatralfy thas the braekets of the other arch. 

More paitlculariy, as Ulustrated in the flowchart of Fig. 2P and Kg, 8, (1200) lo eatablUh the 

10 archwSreplane»(12C^ the adeOedvcitiealoeclanon and respective vertical overlap fr^ 

laterals and ceiBtralB is recalled from (1110). Tliea, (1210) with the infotioaiioa from (705), the boecal coip - 
b^glitBCB'breealicd for each bieuq»id and aolar; Ne3a, .(1215)th6aa9dBttmliC3? waiiteriorvc^ 
. ovolBp is cbosea as the inaxifflum vertical overlap MVO, Then, (1220) a distance equal to the AfVO is 
oieasured downward from the MQC Fmaliy , (1225) half «f the bracket bdght (typicall/ 3.0 mm) plus as 

IS additional 0,75 mm is added for occliaal clmrance. This defines the aundibiilar aMhwire plane MAIRP. 

Tliis places bradceti as occlusal as possible an 0.75 mm cleataoee from the wottt case from the 
saaiiUaiy ocdu si ba. 

(1300) yg»Kfttiitor foff'«tfffff I'yfrr 

Ooce the archwire planet have been defined with recpect to iha leeth, as iUtutraied ia the flowchart 
20 of Rg. 2Qt (1300) the engle between the bracket mounting surface of the teeth and archwire plane is 

dettrmined. This angle minus 90* to the facial torque or inclination angle to be fonocd into the brackets. 
Ibis alio defines the bfaeket dot plaeeoest height wbicb to the dlimnce from the top of the IneM edge t^ 
the ordnidra plane. ThU diitinee to calculated peipeodicular lo the archwire plane, - 

Slotless bracket bodies (vanQU brackets) have now been positioned ap]»ropriaIe|y. A sniooth 
23 archwire to then designed such that it wiU pass through the bodies of the brackets. The archwire must not 

cut too deeply Into the bracket or pass even partially outside the face of the brackets. Stackeu are chosen 
* having diflcrest heigbu according to need. Without modiiying buccal tube asacnbtica, tfaadard bracket 
d iit an e es fiom the tooth surface to the center of the slot ma^ be used as a seed values. The archwire 
eqoaUoa to then maihcmaticaily derived fnim cubic iplioe and tangcatial cirde ^*r*inii***r aa previously 
30 described and provkled to the routines (2000) ud (2100), Both archwirea are' developed similarly. 

Bracket angle deienDinatioo (1300)^ more particularly » to achieved fay (1305) taktog the toteciertioa 
of the MATVP and labial (buccal) surface of each mandibular tooth in the case of labi^ 
btcrsection of the MAWP with the lingual surface of each tooth in the case of Ungual appliances. Tbea» 
(1310) circles are constructed with ceatcts at the totcrscctions and wiUi diameters that rqireseat the ocduso- ' 
35 gliigival (verticaO dimeadoes of the bracketbondiog pad (qrpically 3.0mffl)i. Tliea, (1315) X l^coordtoates 

of the circle totersectioni with lablsl (boceal) tooth, sorface are taken, and, with the eqnatwns: 

40 (1320) The dopes between the poiato of totcnectioo are calculated to produce the facislindintt 

angle HA, where: 
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. ktk - coordinates of dido carter 
^r^p^s B definhioii of Hm line cepaest 
X^Tpbf » denakioa of cocond llae tegmcol 
nca, ai Bttutrated ia Fig. 8A for tabial apptioacct. x/2 mdUni aietbcQ iubtncted to produce the iloc 
5 iocliBatioB angle SlAi 

• il400} MaxlOan Archwlrt Plane Sttn: 

Tbe next step U (1400) locating the nuxillaiy ucbwire plane a* iUimraKed io the flowchart of 
Fig. 3R ami diagran of FSg. 8. ^rihe naxfilaiy ccattals, tUa tovolvea (14QS) findbgibe vcnieal distance 
10 fionincisal edge CO point (MIO) lie tmalleat valiie b adectedaod dWkled by two to produce the aloc 

plaecsuot height for the naxiJlaiy ccotralt. (1413) For lerminat nuxSlaiy biciuplda the votlcal distance 
Cram buoBBl cu^ to pofait is found. (1420) Again, the snailest value ia selected and divided by two. 
' Thk prodncca the ilol placeman hdght 51V for the tennioal maxiUaiy biciupid^ 

For maxillBzy ccatrals* (1425) the rvalue oTFIMOC is subtracted from the rvalue for the slot 
15 placeaeat height SPB: This is the disunee Iroa HOC to the slot ceaterlbe. For lamtoal nwullary 

bicoqiids, (1430) the rvalue ptMOC la sobtiacted from the rvalue for the slot placement bdght SPB, 
This is the distance from MOC to the slot eeatcrluc. Then, (1435) the SPB for the terminal bicuspid from 
SPB for the maxiUaiy ocatrala. This is elevation change DB of the masdllaxy arcbwire relative to the MOC 
from the centrals to the ttcmlnal maxillaiy bicu^ids. (1440) Ute elevation of the maxlliaiy arehwire 
20 MKiifPfiimitbeJfOC.orandiwirehdgfatiUrroneadkiooth.is^ 
ABT^K + DB^SPB'MOCr 
+ Vertical ovtfiap^m QUO) 
where X is the convcrsbn factor from Table 3. 



Tooth T>pe 


Noo* 

Eiiraction 


Estractioa (e.g. 2iid 


Maxillary Central 


0,0 


ao 


Maxillaiy Lateral 


-O" 19 




MttilUary Cuspid 


-0,42 


4).62 


■ Maxillaiy First Bico^id 


-0.68 


-1^ 


• 

MaadUary Second Bicuspid' 


-1X0 


NA 


Maxillair Ftitt Molar 


-IJ2 


.1.46 



TABLES 

gsm MaxUiart Slot Indtnaaon Sttn : 

Once the arehwire plane is dctennined, as illustraied in the flowchart of fig. 25, (1500) the slot 
bcnoatioo aagieSA/ for eadi of the inaxillafy looth bradcecs is determh^ 
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ineiiBatloa dcUnnloaXion ttcp for ibo maadibular brackeU (1300). Thif ftcp (150^ begins by floding the 
iatenecUoo of tbo maxiUaiy arcbwixe plane WCAWP wUh tbo labial or buccal turface of each nuxSUaf}; 
tooth. Thca, (1510) cifclce we descrSwd, for eadimuiUaxj tooth, haviogceatcn at thi^ 
nd hsvingdluiieten equal to tbeocdnso^giyal, orvcrtical, dimeariomofthobtadcBtboBtogpad^ which 
5 ii typicalij 4.0 mm. Fromthciecirdcs, (1515)X»ycoordiiiatBeof ttielsiecMcdouof theclrdctwiA 

labial or buccal tooth EorfBoe are found, aa follows: 

r, « wx, + 

10 Where: h,k « ' coonSinates of the circle eeotcr 

Xp^i ■« .poiaiblo eootdinatce on the circle 
X,Y,hg « deHnition of a Hrtt Ibe cegmeat 
XpYpbf o dcTiatttoa of a second line scgiaent 
Ihea, as iUuctnted lo I18..8A, (1520) x/2 ndlana are then labUacted to produce the slot nclhutlon angle 
15 SUz 



(IfOO) MtMiUttdar Arvhwjir and Slot Depth Sud: 

The aeaa itep, as illustrated io the flowchart of FXg. IT, ii (1600) to dctcnnino the mandibular 

archwire and bracket in-out dhDcorioo. First, (1603) the tirdoaogmcoi of the BPBCB with which the ICP 
20 of the right central is aatoffintfd ii dctcrmbed; as Ulmtrated In fig. 8B. Then, (1610) the indial ecnter point 

and circle segment center pobt plane /(^(ZDGPP is created iiotinal to the arch planes. An Indsal center 

point liae/CPL is ttmck that will pass through the /CP and a patticidar cirele segment eenter point CSCF 

amciated whh the tooth. Th«a (1615) the Fyihagofcan dittance fD Crom CSC^ to /CP is detenained. 

Then, (1620) viewbg the tooth hi the fCPCSCPF, as iUuitrated in Itg. 8C, nline^ is struck normal to 
25 the JVFBCSptsoe through the /CP, which ii the hatcseection of OA and BPBCB. Hext, (1625) still viewing 

the tooth b this plane, the interseciioa pofat J? oCJ«L and AUIVP b ddemSned* 

Still vbwbg the tooth b the JCPCSCPP, (1630) IhoXdistahce XD to the bbial surface of the tooth 

from the XP it detcrmbed, and (1635) PX> b added to JO) and the tower limit of the bradcct tlot XX05. 

ThelXJS b n dirtsace assorirrM with the paitiealar bracket that will be placed on this tooth. It b tbe 
30 deepest dot aUowahlelbr that bradcct llhca, the lower lisUt £L Is calculated thus: 

LL^PD + XD-^UBS 

Simibrlj, (1640) PD U added Lcr tbeXD and thcuppcr Ibiit of (he bracket dot VLBS, The VLBS b also 

ndistBDeeacfoclated with the partbubrbndcet that win be placed 00 ihb tooth. It b the shallowest slot 

aUowabb for that bradceL The, the upper limk UL b calculatrd thus: 
35 10. *- PX> 4- XD VLBS ^ 

(1645) Thea,vi6vnngtheinaodibttlBrocdusbabairiaavicwand movbgoutalonglheiG^^ 

lu CSCP by the IXr fistaace, X and r points, AWLl^„ are dclennbed tclaibe to ao orlgb at the 
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intmMtioaoflllVGffaadlbemuidibttltfmkUioeML. Tbai,(1650)rkwiaf Ibenafldibttlarocclusioaia 
ft pin view end noviag out ftloog the /CPL from iu CSCP bfthoVL dutftoce» X mm! y poinu, AFWxr 
aredeteoutted rdaUveto the wUxtoOhnofBPBCBBad ihenuBdlbulArmkUioeilZ^ Tbca^ (1655) Ibe mid^ 
point of ilinU^r •od AWVl^^j ii fouad and itept (1605) tfatougb (1650) aio ihea Rpeaced for ftil 



TIlox, (1660) the cvctage mid-point and distuee fiom rigbt lo left ie cslcnlBted to fotce man^bular 
ardntnre fymmctxy:. 



yfhcxci Sxw i> the symmetricalizcd point. 
MP itthemid-poifltofSCffOS:. 
10 PR bapolntoaiberiglatideoftbenidlloe. 

PL it « point on the left side of the mldlioe. 
The smootbect curve SC that wiU pus bccweca eU AWLL^r AWVLj^, I^oinis It then dctenaioed. as 
iUiuiraied in Fig. 4E. This is ftccomplisbed by the foUowbg piocodure: 
a) The mid-pohit of each 4IVZX„ and AWIUE^ pair is found. 
15 b) Ihea* fts descflbed above, a cubic spline equation is passed Ihiough these points. 

c) Theexisttacoof an/ iollectlospoioUisdetenuoed. 

d) The curve with Iholieatt variation biadius changes along the cunre is cooddeicdtto 

curve. Pjnferably, ithasno inflKtioapoiBtB. Iflbeie are one or more inflection points, a Idgieal altcnaOve 
bradcet solution wiSl .be derived based upon wbcve the iaflectioD occmred. 

20 Then. (166S) the intersection point XSCICPL of the mandibular rigbt central's ICPL is dclcnmned as well 

thesaioGthettcurveasderinedaboveb«ibstcp(166Q). Next, (1670) the faH>iit /Oof that paitieular tooth 
is dtfenniocd as the distance along ICPL fiom /CP to XSaCPL minus that tooths' JKD. Ibea, (167^ steps 
(1665) and (1670) are repeated until all faH>ut ^^mfniftmi are ealoilated. 

Fiaany, (S675).alIJrCS7GnL p^ats are passed mtb the cable ipliao loutiae (2000) sad to eirde 

25 >outiaBaiOO)aad(1680)aUdicbsegmaxibfofmstioagBtherodlbeffeftomareoettvc^ 
W Bwvce needed to bead tho appropriate wire, as wm be further explained 

boidiagitcp (3200) below. The bradw sloe cwtbgU described faconoectioa with step (3000) below. 
arCOi Maxtaorr AtAwIf* amd Slot ikpA Sub: 

The next step, mm iUui&ated in the flowchart of t\g. 2U, b (1700) to dcttcxniae the maxillazy 
30 archwireandbtaclcctin-outdiffieasion. As with the maadtbulardcteaaination step (1600), (1705) the circle 

segment of the B^CS with which the 7CP of the right coiinl is utodsted {s iMftwifaifif. The step is 
simaar to that for the mandibulBr slot io-out dimcasioa calcuIaUoa of flgs^ 4E sad 8Ct except that the 
maxillaiy ccatralaand laterals aieassodated with the MAA^ rather than the FfSCff, the msxiUaiy cuspids 
are associated with AfCMP; and ieeih posterior to the cuspid are associated with the BKBCB. 



wo 94/10935 PCr/US93/l6858 



-57^ 

f 

Tbe odeulatios pfooceds wiOi (niO) the indssl ccater po^ 
/CpCDCP? b«!iig created, with a line being Knick thatwBI 

^whkh wiU pw through Ibo /CP end > ptrtlcntof drde eegmort center poht CyCf Mio dnTM with the tooth. . 

The pUae puiiag through the /CP aad the CSCP aad Bomil to the ouuKlibuIar trough W U tho 
5 ICPCSCFP. llwa 0715) the I>ythagoreaadimii6aPX>frf^ tbea»(1720) 

vkwfaig the tooth b the ICPCSCfFp t line U stnick sonnal to the BFBCB through the lotertectioo of 

OA end BPBCS, Ncait, (1725) AiII viewing the tooth In thia plane, the intcnection point XP of Aft and 

MAIPPiidelMmiDed. 

Stmviewi&gihetoothiathe/CPCSGPi*,(1730)thoX 
10 from the X7 is determined; and (1735) Pi) it added to XD and the lower llmtt of the bracket slot LLBS, 

T^LLBS is n dictuce asioclaled with thepaxticular bracket thai wU be placed on this tooth. ]t is the 

decpeci .aloC allowable for that bracket. Thca, the lower Ibnit LL ii ealeulated thus: 

Sindiariy, (1740) PD Si added to the XD and the upper limit of the bruket slot VLBS, Tbo VLBS is also 
15 ft distance associBtfd with the paitieniir bracket that will be placed on this tooth, .b la the diaUofwest slot 

allowable fbrlhat bracket. The, the upper Iboh GL b calculated thus: 
VL » PD -f Xl? VLBS 
(1745) Then, viewiog the mandibular oodusioa in a plan view and moving out along tho JCFL from 
hsCSCPbytheXXdlstaoee, Xandypolnta, ATOt^f* are dctembcd relative to tho In ters e c tioo otBfSCB 
20 aad the mandibular midline ML. Then, (1750) viewing the mandibular occlusion in e plan view and moving 

out along the ICPL from Hs CSO* by the VL dlstanoe, X and y poinu, A TWL^f arc detenained rdatWo 
to the faitersectioa of BfBCB asd'thenaadibttlar midline ML. Then, (1755) Tho mid-point of illiXLj^r aad 
AWDZxr H found and steps (1705) through (1750) aro then r^eaied for all .mandibular teeth. 

Theo» ( 1760) the nvcfago mid^int and lUstanee from right to left is fitlffliUlf^ to foree mandibular 
25 archwire symmetry; 



Where: 

Sg^ B tho lyaunctriealized pobL 

MP e the mid-point of 3C0C7. 

PJt a point on the right aide of the midltoe. 
30 ' PL » ftpointeatheleftddeofthemidlitte. 

Then the smoothest curve 5Cthat will pass between all AVflL,^ and A WUL.^' pohits b deteimued. TUs 
n accomplished by the foUowbg procedure: 
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• b) Then, u dqcribcd tbove, • cubU ipluw «qiutioa b paued dtfouib Ibew points. 

c) ' The exisicsce of aay mflecUoa points is detomined. 

d) If there are bo iDflectioa poiots, this. is considered the sDOotbest corve. If there is as inflection 
5 point.atojMaUanBlivebradeetiolutkmwiUbedcrhredb^ 

The fdcvant iofonnatloo neccsury to ddcmioe a now pair of ABZIxr ^ A Wlflt^i. and their 
fflidponiU is Dndettakea. It ihouid bo noted that there are vaiying LLBS and possibilities 
anrailable for each tooth. 

Then, ( 1765) the intenecdoa point XSCiCPL of the mandibular right eeural'e 7CPL b deCenaiaed as well 
10 the waoothcrt ciizvc as doliBed above b subit^ (17€0>, Next, (177D) the ta-oul of thU particular tooth b 

detenoined as the distance along ICPL from iCP to XSCICPL minus that tooths* XD. Then, (1775) steps 

(1765) and (1770) are icpeatfid until all ia-oitt dimeosiotts are caleulated. 

Finally, (1775) all XCS/CTt points are passed into the iplioe to clrdeprognun and (1780) all circle 

segment mfonnatioa gathered theseftom are eoavcrlod lo linear diitance LD moves needed to bead the 
15 appfopriamwire^aawiD be further explained in ooaaectloa with the wire beaduget^^ Tbe 

bradoct da cutting U described in the dbcusdon of step ^000) below. 

aSOQ} Placement Jit Deslrn SUBT 

With tbeahapes of the Individual teeth determined, their finish poiltions calculated, and thebraekos 

desisted and their places on the individual icdh determined, the inrormalion neeeuaiy for the des^ of. 
20 bnel^et plaeeneat jigs lo aid the oithodonllBt b positioning the bradccta in their proper positions on the 

faKttvIdual teeth b available. In the prcfencd embodiment of the bveotion, the design of the placement jigs 

b carried out b the aonware asaodated with the jig maaufaouriog step P50q) 

a loadbg of the appropriate file* with the oeecasary data from the calculations described above into the 
mannfactnring control computer 30c. An abbreviated presentation of the jig design sobstcpa b set forth b 
25 the flowchart of Ifg. 3V. 

Keferring to ng. 2V, (1 805) a file containing daU of the bdividual tooih profiles, the arcbwireplane 
loeaUoa indudbg data retatbg each of the looth profiles to the relevaat aicfawirepbae, the bradeet profiles 
relevant to each tooth, and the bracket design daU mdodiag the alot sise, indlnatioa and depth, areprcpared. 
Then. (1810) the loob that will fom iha jig era detetmln^, *H (11^15) iflfanmCTs arg tfta M irhfd, Thea^ 
30 (1820) data needed for instiucibns to cut on internal profile into each jig b assembled to bold abrackct and 

to locate the bradut at the proper position on tbe tooth by precbo fitting of the jig over the tooth ptorUe 
along a IsbbMmgaal plane throogh tbe tooth 8u4point mp. 

Hie details of the jig dengo step, as it b performed along vriih the jig manufacturing step, b 
described b dctaa in connection with the deccriptioa of the flowchart of fag. 2ZDade^ 

35 



Three subrouibes are used u calculatmg various archforms and calodatbg the positions of thetecih 
thereon. These are (2000) the cubb qiline equation curve ealcolaUoa subroutine, (2100) the ipline equadoo 
tp circle segment cquatioa coavcrsioa subroutine, and (2200) the looth pbccment cubioutine. These are 
iUostnied b the flowchart of ng. 2W; 
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nOOOl fhih^ jCiyffiyf fffffpfffff frfffg SubnudHt: 

In the cubic qiltne intopolatioa, Bjrmmecrical dau polott are intopolaud and a cubic iplioe equation 
la derived. Aa iUiutnied in Rg, 5A, a lyauactrical naodibular trough or cubic q>liDe cquatios SMT U 
abowBforoaeiideofthelowcrJaw. laRg.SA.tbepolDtlfj^'rRpieMatatheiBtcnectioaoftbecwve 
aadthemidliaeJML Thepoiau ^^^7, fori » i |9 tfrcpccsesK the ipniiMtridz^ 
above; 

The cubic ^iae method wca a cubic prd degree) polyooniial to interpolate between each pair of 
dau pointi. A different polynomial ii used for each interval, and each ooo u coaatniaed to paai through 
tbe original data poioU with the same slope as the data. At these potou* slopes axe computed by Cbdmg 
the atope of the parabola thai paasea through each daU point and iu two aeaicst aeigbbon. 

The ileratipaa acccasaiy to oonipuu Ihe cubic p«dyBOfflial are aa foUowK 

1) For ochdoU point, tbe X and rmrdiaiBtea are made equal , m zero and aU 
evaluated relative to thb new original. 

2) The dopes of the oible ^diao are computed by Grtt computing the coef&cienu of the above 
deceribed parabola, ihea a rirst point of a dope atray is fdled foUowed by the remainbg pointa through 
the Hnal alope array point. 

3) The spline coefiicieats are computed. 

4) The polynoo^ is cvduated. 

Tbeso steps are described hk Science and Engineering Progyibna. Apple II Edition » Edited by John Heilboni^ 
andpubtisbedbyAsborae/McGraw-HiU. Copyright, 1981, McOraw-Hifl,Inc., and incoiporated herein 
by reference. 

Once the polyoomidhasbeca cvduated, ItiapoKibletoaequbeadditionaldatapoiiitB. A Xvalue 
can be ddermbed for aiiy giveo X vdoe, with thecoottraint that additional data poinu be within the upper 
and lower lunits of the origind X vdues. The following iterations are perfonned before ctide convecdon: 

1) Dcxennhiatiooof X and rpoinu on each sideoftheotigind data pointa. Tbisisdooeby tddng 
X poials that are one thousandth (.001) to each side of original X dau poinU. Then X value* two 
tbousuulths (.002) less than the lastdaupoiatare taken. Then Y potoUare dcfmnined for each amycd 
X point by wduatioa of the polynomid equation diseuased above. Thea Ihe IT poinia of the array aro 
cdculaled. 

2) The alope aoay b thca filled with dopea eoirapomUng to data poinia oa either aide of the 
origind data pofaita. 

3) ■ The dope of the curveat eacb of tbe origiod data points la calculated. This lavolvea retrieving 
JTaad YpohXs oa either dde of ori^nd data pointi, and cdculstlag tbe dope at the orighud. data points 
using the Fomt Slope method aooordiog to: 

"Where. 

SLOPED the dope of the curve at that poiaL 

XI t» the Jtpoiflt .001 to lea of origind daupolot. 

yi . the y point associsied with XL 
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X2 - tbeXpotnt »00] to right of originit data point. 

W ■ the y point ■■•ocitfod wMi JO. 
The dope U calculated usbg Ibo arrayed point thit U .002 \cm thia Ihft liitf dwl* point and the litf <Uu point, 
and the dope is caleulatad utiag the point tlope mciliod aa all anaj alopet are calculated. 
5 aiOQ} OrtU Smunt Contenlon Subrotttine: 

The dtdeaesBcatiMovenioiitjrpicaliyfiu two drdeaegmcou into oaetplm^ Aipltao 
segmcmii defined as the inleipolaled cid»fo apline cquatioa whit^ 

two original data poioti. A circle legmeot is defined as the arc aasoclnrcd with a beginnisg point, or end 
point, and the slope of tangescy at that point. TWo coafigoraiions of ciicte segments are possibio whca 
10 cOBvcrtiog a ipline acgnient into two cirde segmcalSt one where the first cirde n larger Uuui the aeeoad 

CFig. 5B) aadfhe oiberwbete the fintcbde is smaller than ibe ieeead dicleilg. 5C, tbevariibtcs in wfaidi 
are ideotiiied bciow. The iterations iwcessaiy lo coavett a ipliae segmeot into two drde aegmoits are 
illustrated in Ilg. 50 in which: 

Pl^lf « the beghmlng point of iplioe aegmeot 
15 F2^P2f » cad point of splbe segment 

HJl a tangent dope of ipline at point M^Jr 
iMWi a Bormd dope of Un 
Jtf73 « tangeat slope at p^ K^i^r 
MM >»'oormal dopeofMAO 
20 f3g^j " btcnoction of a tine through point Pl^^j with a dope of MTl and a line though point 

l>2x^ wUb a dope of Jtfn 
CX « a Cord Line, a tine connecting points Pl^Plj end P2x,Plt 
CNL a a Cord Normal Line, a line normd to CL through PS»PSf 
hSfkt a the eeatcr of the smaller of the two cirde aegDcata 
25 The iterstlont to convat a ^>line wgment into two cixde segmcsU are, as follows: 

1) Deteimioe jura and They are. the negative inverse of MAU and 

2) Determine the fatmectlon pohtt f$»F$r. 

3) Deiennfate the dope of the CL. 

4) Detennme the dope of CI^. 

30 5) Deietmioe the diitaoce from PiyPJ, to ?l^i>3y. Tbia ia defined an teat one. 

6) Determine the distance fiomPI,^ to TUs b defined as teat two. 

7) TesttodeunsinewhlditeogihisBBdier. If the lest one result iaahoiter than the test result, ibe 
SPidicr cirde is a s so ci a ted with Fl^Pij, otherwise, the indlcr circle U asao ci atp d with «yfgy, 

8) Ressme the variable aaaoclsting to the sixe of the didc. See ilg. 5B b which: 
35 F^vf^r " (he Vegiamng pobt of iplbe aegmeot 

P2^P2f « the end point of splbe segment 

MNS the aoxind dope of snuiQ cirde cegmcnt,cqtilvdeat to iii2/2 or IIM 

relative rcsolu of test one and test two 
JUNL « Bormd slope of Isr^drde segment 
40 ks,ks ■> the eeatcr of the etzuUer of the two cirde s^xzieoU 

hlM B the coaer of the larger of the two cirde segmeou 
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PS^Hf a a dutBOfie, deTmed fay the ndiui of Ihe mall dide, to apoint aloag MML fiom Urn 

splino tegmeat poiot lujochtiid with b 
WiP^ UtbetlopeorchoCullbe 

9) DcccfsaisellwiatcnoetbnoftholbodeKribedfayilopeorCWZra^ 

5 the Ime defcribad by KMS Ihimugh tha .pliant «<>£m4^t ^tnt >.«>^«t^ 'tf TV* firtyf y^ j pn 

poiitt of theto two linec u the ceater of the tmaUer circle A<»ly. 

10) DetcnnlBe the Pythagotcaa distuoe from the ttull circle eealer hSpki to the iplioe icgmcat points 
umdaied wUb IL TUi diciftneelf ihendhisof tboRnall eirden. 

1 1) Move aloag the line described by MNL %aA pusing through the ^liee ■egmeatpoiot ■« ff>ft«>fit with 
10 ttby tbetadiuioflhetmaUierciiden. Thli point ii PfpPtf^ 

12} Strike B lino ftom Ftf^^ to Af.l». 

13) The negative iavecfe of the dope of the line fiom PS»P6f and Af>ir ii m i^. 

14) Dctennioe thb mldpoiat of the line Irom P6^P6^ to hi,ks* 

15) Dctcnabe the inlcnectioa of the line described by • dope of mnfnaA passing the point described 
15 id step 14 and the line described by MNl and IhcovgbtheipUneaegoM ' 

The tetersection point of these two Ibes is the center of the larger cirde A/,U. 

16) Determine the Pythagoiean distance Crom the large dido center htM to the qiline segment poinu ' 
assodaled with iL Ibis lUstaace is the radius of the Ufserdcderf. 

17) The btenectba of the two drdcs b defined as the inlcnectioa ofthe tine gobg thnugh thelarge 
20 cirde oeaicr ftf,JU end the smaU cirde ceatcr hf,ki and either of the cirdes. At Ihb point the 

taageoey ef Uie two eirdee an cquivdeat, 

18) Accommodate an are length catcdatioa dcpeadeat vpoa which spline pobt b closer tp P3^fi 

If the teat ooo rattle b greater than that of test two, then: 
Thetal » ATNM - Am(USt) 
25 Th€m2^AmWJ)'AmOtt) 
otherwise: 
Thetal^Am(imi}'ATN(m) 

7h*ta2'«ATN(ii}^Am(Bm 
where: 

hX-be 

30 Thital » the ate angle of Ihe onallcr dide 

ThetaJ the arc eagle of the larger cfacle. 

19) Calculate arc ieagth for each segment 

35 



xl s are length of smaller segoeat 
i2 a arc length cf brger segownt 
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20) Calculate tbo nianiog uc lesglh. 

21) rffnTiB**f dutalljr onlB all spliao Mgmeau ara oonvcxted. 
SiSS. SE^ iUimnto Um buildifig of the niadibttiar tiottgb 
iMflOl yin^A Mtttaunt on Citrve SubrottdHe: 

5 The mdWidual tooth placcaeat upon aaequAUonuitqukedm many cte^ 

calculatiOBpn)cedttre(94). The pzcfcmd method Udtacribedlmmoonneetioaw^ 
b (he procedvre for tho placement, of the mandibvlar leelh. 

There are four altenuaive cqualions upon which tcdh caa be placed: the mandibulttr trough MT 
equatioa» Ihe maxillaiy anicrior arch fotmK/UFequatloa, the qumUlaiy cuspid arch form AfCAFcquaUoa, 
10 aadthecciurdgroovemftrghialridgearcbfoiaKGAIXAJ'equaSloB. AUooclntfa>oequarioaB^bMrebce& 

coovected to dicIeaegmeatrbefocotMhue placed iipoa them. A Epical tooth plaecncatUiUuMiedlo 
Hg. 5N, in which: 

HCP « Distal CoatactFomt 
ICP " Iiwiad Geoter FlDlnt 
IS ifCP -MetUCoBtaccMu 

KCPL « it tbo Mesial Gootad Ploifit Line. 
Ihe DCP is the point et which the tooih contaieta the proceeding tooth. The /CP s the center Of Ihe tooth 
beingplaccd. tboKCPiithopobtatwbSchthetootbcontacUtbeprecedingtooth. The ifCTt te Refined 
as the line through the DCP of the toolh bcbg placed and the center of the cbde segment associaled with 
20 the per. llieJfCrLif the line vpoa which the l>CP of the proceeding tooth will befoul 

The iientiooa to place the teeth onto the circle' aegmevia ere: 
t) Doennine the oUsA disunce for Ihe maadibular ccstnl tooth oa the side of the jaw under 
consideration. 

2) Expand all circle segmcaU about their centers by the offset amoanU 
25 3) Deunniae the intcrsecUoa of the first circle segment and the midlbe. This is the mesial eontact 

point MCP of the ccatral, as UluAnted m fig. 5K. 

4) Place the flrtt cirde C,, whose radius is the aesio-distal width of the tooth, st MCFp as illusirated 
. faing.5X. 

5) Dctcnnbe which cirde segment b the distal direction cirde Cj btcrsectt and identity the 
30 intersection point. This UseeompliBhedbx pcsforramg en ttcfstion which begiasl^transferrb^ 

wrdbatp system to the begbaibg point of the cirde sggmcat, as Blu st nit ed la Kg, 5L> b which; 

^aset^ase bcghuhtgeoofdbatcf of the circle acgpieat 
' ^sN»^Bvp " End pobts of the drde segment 
Xgn»^tnr^ coordinates of drde bteivectbo 
35 X and y axes are oriented at Xa^r^n. 

The two foUowbg cirde cquationB ere then solved shnultaaeous^: 

Where: 

• 40 h2,kl B the center coordinaiee of the fust circle 

h2,k2 = the ccoler coordioates of the second cirde 



30 



35 
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Rg » the rAdtua of the first drcle Cf 

a Ib&xadius of «aecowl cirde 
X»]r» cootdiaatoa of potribt» inrmccyioa polatt 
.TU following wlutiQU no poniblo: 0) two real lolotibot which vo labded XTw^nwrSw^ 
^ ^tfm^wt* rcipecUvdjr. (Z) imagioaiy lolutioni, which are diKftidcd, wheieupoo the oesa circle 

•egmeat ia evaluated. If mtetaectioiia are real, the drcle legmeiit ii located, aa Oltutntcd b 
Fig. 3M, such that Jr„r^ it plsoed OB the X axis. Thea* XuoiriM b nibtncted from Ote 
rotated X istenection poLot Xfi^r or ^om ud rotated X^w >< subtracted from tlio totaled X 
intmectioa point XZ^or XZ^ If the of the rea ulu of the two tubtractiooa are opposite^ the 
10 lOlatedintenecUoapobt blasted for a value leu than xero. If h in not leaa thaa zero, the other 

totaled intenectios po'ui ia tested to detomiaeif it la valid. Tbetetfiog cootbac* iiata Aaegment 
Sc found such that the subtractloot produce opponte lign result! and the associated totated 7 
itttersectjoa point Is lesa than zero. Thialithedictai eontaeipoiot X>CP of the tooth, aailluitntcd 
bFSg.5K. 

IS 6) CoDitruct a line pasiug through the I>CP and the ectter of the ciicbaeVBieBtth^ 

7) Flace cirde C,, nuUus Is one half the mesio-distal width MDYf of the tooth, at the MCP. 

8) Determine which cirde segment in the distal direction btersects cirde and identic the 
iatctsMtlott poinu This is the ineisai center point /CPof the tooth, as Qlusttated In ftg. 5N. 

9) Elunb»te dl expanded ctrde aegmcots. 

20 10) Deiennine the offfics distaoce for the maadibuiar lateral; 

11) Btpand dl dcde segments about their ceaters by the oIlMt amount 

12) Dctcnnbethe Intersection point of the cKpanded drdBMynatt fg«««w.t»»M«fft]| PCPMCF 
Line. The Intersection polat la theneaid coatastpointMCP of the lateral, u illustrated b Fig. 50. 

13) Place cirde C|, with radios ihe mesMMitfltd width MDWot the laicrd> at the cunem JICPpobt. 
25 14) Ddeimiae w^ eirde segment b Ihe dtitd dlieetion drde C, btersects and {deatify the 

btenectioo point, which it the DCP of the laterd. 
15) Construct a Ibe pawbg through the DCP and the center of the circle segment that iiwrrerrtf d* 
1$) Place cirde whoae radius Is one hdf the medo^istd width HDW of the looih, at the ifCP. 

17) Dctcrmbe which cizde segmcot b the distd direction intenects ciide C, and identify the 
mtersectiott point. Thu is the isdsd center point /CP of the tooth, aa lUiistrated b Elg. SP. 

18) Continue distallir twtil all teeth are pbeed. 

19) Ptrform the aame iteratbns' for Ibe co4al«nl dde of the aidi. 
(9n AvaJlance Manttfaetur^ nr Procedure 

The appliance manufacturing procedure (97) indudea the ateps of (3000) manufacture of the outom 
bradcets, P20Q) manufacture of the custom ardiwires aad.(3500) immufacture of custom placemcaC Jigs for 
placement of the custom bradcets oa thepatieot's Iceth. These steps are described b detail bdow for the 
,embodimeotb which dl of the manufacturbg ia carried out at the appliance design facillij 13. 
aOOO) Bn^ei Momufnettfimt^ Siem 

ThBbrBclccsmaauCaetttrbgstcp(300(0produeeitbecusmmbradmu»picfbiabfyb7ael^^ 
40 blanlcs and cuttbg a torque dot b die bracket for the arcbwire 64, TUs utilizes the modifted CNC mill 40 

illustrated b Fig. 2D. The bradcet doc cuttbg stq> b illustrated b the detailed aowchait of Etg. 2X. 
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Refeniog to Fig, 3X, the bracket: mooufacturias ttcp POOO) bcgbi with tho eoa^aUr 30o (3005) 
loBdIag tiie dati for each bnckd Sam Ui»patic8t (Uto fUe 36. 

For each toocb ud bracket, u adefouli or initial fdecUoa, (3010) tow pnnie bradcctf aro assumed. 
Ttei, tbeilot asjlo KU tod the dot fiMVldiincQilon W ate read. Also» P020)tbe ladittf of Ihoanbwire 
at the tooth oudpoiat it dctennined. 

Thea» (3025) a naio CNC prosnm it cmted ud P090) titopro^iam toopa to geaento tbo code for 
the cutting of each bradnf, bcgiDBlqg with the calodatioa of the variaUea for the biackct, (3040) auigwag 
d}o variables for each bracket to (3045)^050) act the cittiBg of the ilot at the f^Jprofviate ADgle b/ rotatiDg 
thebrackctsuppoitiaaadKtUngtbscimcrnctoacooperaUagbdgbtZaadhorizootdXpoa^ Ifthe 
pontioA of the slot ties ouuldc of the area of the bracket^ a bracket of the appropriate higher ptofae ia called 
for by theprogram, and loaded, ehherautoaatically or by as operator. The code iathcageeented (3055) 
to Gooxrol the path of the cutter b the y directioo to cut the aicbwire radius la the slot bottoni. (3060) tbca, 
the NC code is combioed whh the caladaied variable valuca for the tooth and bracket aad a subroutine is 
geeeruedforthebracket,with(3065)thel>^a>dessubroutbeawritteathefDe. (3068) TbeprograiaJoopt 
15 uatil codes for all of tlie brackets are eomplete. 

Thea, P070) the CNC code b ptefcrably downloaded to an NC conttoUer and the brackeU are 
fonned by the cutting of the dote u the cerict of bracket blanks, and P080) a icpoit it written. 
mOO) Ardtwirt Mattuiheoirtnt Stam , 

The archwire manufacturing 1U7 p200) produces the arcfawire 64, as Dlustrotcd In Rg»2E, 

20 preferably that is lymmetrical about its aichwiremidiiaeAia, haviaglheapproptiatetcimiDalleg ^aa TLS^ 

formed of a aeries of cirde segmeats. 

As iilusttated b the flowchart of Fig. 2Y, the archwire maaufacturbg step 0200) executca a 
program with the maoufocturbg eoatrol computer 30c to geocraie a CNC code to operate the wire forming 
macbbe 40. 7h» program be^ by (3215) opeabg ooe or more (ilea Irom the ealenbted patieat data 36 

•25 . and reads therefrom the wire alloy and tho wire^ss-icciioa prttscribed^ and aa array «f d«t> that t«»« 

a scries of^ sets of data indudbg the radius and sector length of each tirde ccgment of which the archwire 
currets formed, and the calculaied total -cnmolative archwire length, lb the archwire equation, P220) a 
radiiandscctorleagthaareaddedtDpiQdttceabaehdfbchofstraigbtaepneotateacbcadoftbe^^ 
form parallel terminal leg extcasioos. Then, calculatbg the cumulstiyedopea and sector leaglhi of the wice 

30 along the equation. (3225) the termbal leg spaa 7L5 is 

Basedupoathewire^celected,(323(0oBeofsem«ldaiafilefortablesBiercad. Foricctaagle 
wire, for example, four files would include: <1) 0.022* thickness stainless steel (5S), (Z) 0.025* thickness 
SS, P) 0.022' thickneu titanium molybdcaum alloy (IMA), and (4) 0.025" thSdmeu TMA. Other fdes are 
provided for round .wires of varbui diameters aad ^pes. 

35 Ihca, usbg the cubie spline subiontlne (200(9, P335) the dopee of the eubie q^lpie cquatioo 

describbg wire behavior are calculated by; (1) computbg the eoeAieients of a parabola, (2) mibg the first 
point of a dope array, P) fiUbg the iotermediate poiats of the dope am^, aad (4) fdlbg the last point of 
the dope atray. Then, 0240) the cubic ij^iae roeflkicnti are calculated. Tbea, 0245) the vatieal 
diiplacemcnt of the beadmg lervcr arm LA (Rg. 2E) between the contact pobte of the roUcr 70b with the 

40 wire 69 aad the contact pobt of the roUers 6S with tho wire 69 is dctermbed for each elrde segment of the 

archwire equation, aad data added to the amy. 
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Then, (32S5) tea^nfy wiftblca are defbed for the MOor ico^^ l«ver ana di^Uecmcot, ndhis 
and tcnniiul leg ipaa aoroa the itTaigbl Kgrneatf of tbc arcbwire» (3260) Ibe cootroUcr card 6S of Ihe 
compuur 30c b ioiUalized* (326S) the cofltroUer bate add^ 

Then, (3275) a aequcBUBl acrica of lector lcn|lba and lever arm diiplifieocoU are aeat rcapectively (I) 
5 Um>tighUi«circuha 66a tod 67a to the drivoofllw feed roIUM,aad(^ through 

- to the aava ascembly 70. 

. Whea all ciido icgmesu have been fomed, 0260) the lever ana dUplaceaeat u zeroed and (3285) 
the wire I^Iocadoo bread by the lessor 71. TbbreadiagcoiiveitedioaBtmierical valueiatbeeoai|nitcr 
30b and any differeace in the actual measured terminal leg ipaa and the dealtcd terminal leg tpan TLS b 
10 ealculaied. If (3290) the difiercnoe b oot of tolerance, a comctioo b made and another woo b formed. 

0sm J^K M^^^fp^^i s^-. 

The jig maaufactDriog step (3500) producea bracket placement jigccttftom designed for each tootb^ 
. to aid in theplacemeatof the cuAoffl deilgned biaticeU bt theproper pontioBS on the le^ 
designed arcfawirp will, when iatfalied m Ihe custom de^ed and custom placed bxackcu, move the tce<b 

15 to Iheir calculated liabbpoiiUoBs. 

The information aecessBzy for the design ofthe custom plaoemcotjigs b contained in the patient dAta 
file of from the calculations made in the appliance design procedure (96)'aad in the tooth profile data file of 
digitized infonBatioB lead la step (500), In the akutratedaDbodbneat of the Inventlo ThedeB^ofthe 
eiistom jigi iavolvet» primarily, ab auemUy of the infonnation already geaerated, aod, in Ihe prefemd 

20 embodimeat, takes place b the course of generating the code for control of the NC controlled manufacturing 

equipment 41 lhat produeea the Jigs. 

In the prcfciTcd and illuttratcd cmbodiiaeot, the jig maaufSthcturiog cquipmcal 4 1 b a standard- CNG 
mill c^wppod with a tmUl caiblde eadmiU tool of^ for aaumple, 0.020 inebea la diaouter (Rg. IV). The 
Jigs themsetvn S2 an made from drcular ABS plastie wa(m.83 of approximately one 

25 appraxunatdy 0.040 bches in tbickness. thou^ considerable varbtioa io stzo b aee^rtable. 

The jig manufacturing step (3500), as illuEtrated m the detaUcd Oowchart of ilg. 2Z, begins with 
the exeeutioo of a program or routtae in the maoulacturiag computer 30b and Iho input of panmeters 
ideatifymg the patbat. or case. Upon beginning of the cucutioa of the program, {3515) ibe fflo of pattebt 
data 36 geaemted In the tooth position calculation and analysb procedure (95) asd the appliance dcsiga 

30 pioecdure(9Qb opened and informatioa bread for each tooth, as illuttraied !a the diagmiD of 

rdatlon.toatoothpnflteJPji: He varbblfesreadare (a)the Intrrawtion of tboaicfawiioplaBeaBdthebbial: 
(or Uagual, if picscribed) aurfaoe of the tooth which b b the fona of a pair of X,y eooidbates JS^r 
b the tooth profile veiticaMabbl/Imgual plane, (b) the slot hMut dimea^n ELut or /O, (c) the typo of 
bracket, which provides access to the appropriate place b a loofah tabb of bracket dbications, such as 

35 btad(xtb8Sethickses8BMaadbrackccpadlKlgbtBIV,and(d)theiorqQesto^ 
the-preseriptbn. 

Thea, (3520) the bracket data file b opcaed aad the bracket base thidknesa read, as Ulustrated b 
£i8.9J. Tbco,afilDiiamebasriga6d,C3S30)aCNCfflebcreBied,aad(3535)aCNC'mab 
b writtea to it, as set forth, for caiAfflple, b the flowchait of Rg. 
40 Thea, (3540) a sequeatbl file btdeatificd that contabs the be^nnbg Bad eodbg object number for 

each tooth profde, aad (3545) a CAD program fdecontabbg the tooth profiles FF^bbaded. Thoprofiles 
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PJ'y w iUimntcd b ilg. 3C» ue made up of & Ecxki of doicly 9«ficd poioto 
reprcseoted by XpY coordiaatcf » oonoecled by ctnigbl lloe •egmecti to dellae the proflle cuve PF, Tbe 
eodmill tool dUmctcr BudmlU U ftin catered, which snut botes* than the wcbwitB dianetcr or trcfawire 
dot width (OiklB or 0.033). CoutoAU are decUied» fawludag the diamotcr of tbo jSg blaak 83, the on 
5 dearaoeoootho.ovuideofthejig, thoBumberof loops» »et«t23, and tho counter butial acttiagt. 

Thco, 0560). the CNC F-oodo ia generated for each tooth, by looping through aubsups (3560) 
tikrottgh p639) uotil tbeeode for each of tbe jigs 82 it gc&etaicd. Tbo loop bcgioe by p560) iBcremcotlDg 
tbe tooth and F<ode couneis by t. The loop begins Vith the lower left bicuipld, ea brackcu are usually 
oot used on the molm, aod proceeds left to right. Thus, (3565), whca the iocremcathig of the counter 
10 . advances the count to tbe lower right molar, (3565) the counter is advanced to ddp to. the upper left bicu^id*. 

Then, p570) the paiainelcrB for the particular lootb are act lip aa iUtttfiated la the flow^aiC 
of Fig* %2rX, This is followed by treating tbe profile aod brsclcct dearaoee compcoution tool paths 177 
and BClTf rcspectivdy , as iliucaaied in the Oowiehait detail of Kg. This involves (3590) the creation 
of an inldal Inside tool path line /I7P nade up of a acxiee of straight line segmeatt, one paraUcI to cacb of * 
IS tbe line segmcsts of the tooth profile curve, spaced n dittance equal to thb tool radios on. tbe inside of the 

profile cur^ as illuitrated ia Fig* 9Ki (3595) the creation of an initial btadcet base compensation tool path 
lloe JBCTF made up of a scries of streigbl liae segments, one parallel to each of the line segments of the 
looih profile carve, spaced a distance etptal to tbe bracket base dimension minus the tool radius ouUido of- . 
tbe profile curve, as illuctrated in Fig. 9L, tod P600) creatioa of the flnil bracket base eoxepcasation tool 
20 pathfiOtocutfromtheiDsideloolpathlinetolhebasecoa^cosatioolineatthetopofthebraducbaM 

to cut off the jig at the bottom of the pad,' as illustnted b Fig. 9M Ctop' end 'bottom' bebg tiscfl u an 
euBple fbr the lower teeth, and being opposite fbr the upper teeth). 

. Next, (3605) the arcbwire slot tod path ASTP ]m created as iliumatcd b the fiowcbait dctaS of 
Fig. 2Zn4, which can be understood from the sequence set forth ia the flowchart «ath refereooe to the 
25 ' diagrams of Figs. 9N, 90 and 9P. Then, as set forth b the llowchait detail of Fig. 2&5, p6I0)s reference 

tool pftth if erected OS u image of a jigblmbk83, as lllostrated io ilg. 9Q, and with refcrcsceto it.- 
(3615) the ouuidefig beuadary eutout CJT is added aa iUuatrated b Ftg. 211, and P620) the actual tool paMi 
TP Is then generated as Olustrated b FSg. 9S. 

Then, (3^25) the CI4G maebiDoeode is generated, as iUustrated bthe detailed ftowehait of Fig. 2& 
30 ' i, and written to tbe output file. Then, (3630) the variablea are react, 0^35) the final lesulta ore di^lajed, 

and (3640) the program toopa back to substep ^560) until all of the bracket Jig code have been geaented. 
Then, P645) the completed CNC file la seat to the coatrdlcr of the C3«(C null and npillet of wafers 83a 
(Fig. IF) ia cut into a set of brackrt placement jigs P. AacatampleofoooofthejlgiblUvstrBiedbFI^ 
9T through 9W. 

35' What is described above includes tbeprefecredembodimeau of the iaventioiB. Those 

art will appreciate that additions to and modificatioos of the system and method of the invcatioo, and tbe 
detailed manifestations thereof, m^ be made without departbg firom the priaciplec of the inventive concepts 
set forth herein. Aeconfingly, the followbg is daimed: 
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Claims: 

1. A aetiwd of fidnieatiog « custom orthodontio appliance to positibn teettk of a padeat 
10 prefemd finish pontions m the mouth of the patient, the method comprisiog dte steps of: 

measuring anatomical shapes nom the mouth of the patient* and ptodueing theieby 
digitized anatomical shape data; 
5 deriving an archform from the digitized data vfifh a specially, programmed digital 

computer; 

deriving with the computer tooth finich positions from the ^*z* ^7*4 data and the derived 
arcfafona; 

estahlishing appliance connection points* one on each of a phirali^ of the teeth; 

piMnts and the derived tooth finish positioni; ao appSanoe configmtion sudi that a custom - 
i^pliance fabricated in accordance therewith and connected at the iq)pliance connection points to 
the teeth, will exert substandally no tooth moving forces on the teeth when in the derived tooth 
fimsh positions, and will otherwise urge the teeUi toward Uie derived finish postUons; 

producing machine code in accordance with the derigned appliance cbafijgnratioi^ and 
automatically imbricating a custom orthodontic appliance with a NC "«a«*)| f|j| ft {q fespooie 
to the machinw code to conform to the designed appliance coafiguralion. 

2. The method of claim 1 wherein the teeth inehtde mandibular teeth and maxUlazy teeth 
and wherein: 

the dental anatomical shape measuring step includes the steps of (he measuring the lower 
jaw of a patient and producing thereby digitized data of lower jaw shape, and measuring 
mandibular and majcillary teeth of the patient and piodudng thereby digitized data of individual 
mandibular and xBaxiUary tooth shape; 

the archform deriving step includes the step of deriving with the computer a mancfibular 
skeletal archform irom the digitized lower jaw shape data; and 

fht toodi fisdsb porition derinng step includes the step of deriving tooth fim^ positions 
from the tooth shape data and &e derived mandibular skeletal archform to anange the teeth vrith 
respect to the mandibular skdetal aichform. 

3* The method of claim 2 wherein each tooth has a crow^, a root and a long axis 
extendinggeneraUy vertically through the eealerof the crown, intersecting a gingiva) center point 
where the crown meets the root, and wherein: 

the lower jaw measuring step includes the step of digitizing data pointt <i*fimn£ a 
man^ular trough in which mandibular tooth roots are to be confined; 

the mandibular skeletal archform deriving step includes the step of fitting a smooth 
continuous mandibular trough equation to the di^fized waniitK»iaf> trou^ daU points and 
producing a digitized representation of the mandibular trou^ equation; 
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Ibe manditnilar toodi finisfa pondoa deriving step indudet the dcri^g posidow wldcb 
10 center each mandibular tootb'by placing the long axis thereof appxoximatiely on the mandibular 

trough e<]ttadon near the gmgiya] center point of the tooth, and which place the tipg of the 
mandibular teeth on a naootb continuous curve derived by adjusting the mandibular trough 
equation; and 

the appliance configuratton designing 8tq» includes defining the appliance configaiation 
15 by a series of digital vahies derived from the smooth condnooos enrvo. 

4. The method of claim 1 wherein; 

the measuring itep inchides the step of digitiziiig data of the shape of the lower jaw of the 
patient by digitizing boundary points cotreiponding to boundaries of the patient's cortical bone; 

the archfonn deriving step includes the step of dexiving from the data a skeletal 

5 nrchforra mathemetically represendng the shape of the patient's coitioal bone by a smooth 

continuous eijuation derived from the digitized boundary points^ 

5. The method of claim 4 wherein: 

the smoodi condnuous equation is a cubic spline equation through points related to the 
digitized boundaiy points. 

6. The method of claim 1 wherem the archform deriving step comprises the step of: - 
defining a curve based on the digitized »n°>5?nufal shape data and smoothing the curve by 

a best fit statistical method lo produce smooth contbuous archform equation, tho fiush pocitioa 
deriving step and the appliance configuration designing st^ being based at least in part on the 
5 archform equation. 

7. The method of claim I farther compridng the steps of: 

digitaUy representing the derived archform. by an archform equatioa ia the computer; 
representing the archform equation by a scries of successively tangent circle segments; 
the appliance configuration designing step includes the step of designing an arcuate 
5 appliance at least in part in aecofdance with a series of digital values representing circle segment 

lengths and ladii derived from the circle segments of the archform equation; 

the appliance febricating step mcludes the step of conveiting the segmentlengths and ladii 
to a series of NC commands to produce the machine code» and» in response to the code» 
sequentiaUy forming the appliance to a ndins corresponding to each segment length thereof in 
10 response to the machine code to conform to the designed appliance configvration. 
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8« TliB method of claiin 1 whefcin: 

the tooth measuring ttq) iaehides &o step of digitiiaiig the distances between mesial and 
distal contact points for each tooth to define mesial-distal widths for each tooth; 

the tooth finish position deriving step includes the step of deriving tooth finish positions 
S. to place adjaeem meual and distal eoatact points of adjacent teeth in mutual contact to fonn a 

tooth placement arch conlbnooing in shape to the derived arcbfoim and appnndmatelx e^ in, 
length to the sum of the meaaKdistal widths of the teeth placed tbefeos; and 

the ^pliance configuration dcsigidng step Includes the sXep of deigning the appliance 
configuration in part from the meaaMistal widths and tooth placement arch* ' 

9. The method of clum 1 wherein: 

the measuring step mcludes the step of digitizing, for each tooth, tooth profile dau in the 
fonn of a series of digitized data poihU representing the shape of the surface of the tooth at least 
along A profile thereof extendipg generally vertically and labial-lingually; 
5 *»<»MecaonpohitestahlishingstepinclttdesAeslepoflocaU^ 

point on the surface of each of the plurality of teeth along a profile thereof; and 

the appliance configuration designing step includes ti)e step of designings from the series 
of digitized dau poinu representing the shape of the surface of the teeth, the esublished 
connection points and tiie derived tooth poations. 

10. The method of claim 1 wherein tiie arcbform deriving step includes the step of 
comparing corresponding contralateral points on opposite sides of tiie archform and, on 

tiie basis of tiie comparison, and calculating a modified archfbrm tiiat is laterally symmetrical 
about its center; and 

5 designing tiie apphaape configuration based at least in part on tiie modified archfom. 

lU Themetiiodof claim 1 wherwnflie measuring stq) includes tiie step of digitizing data 
of points on labial and lingual snrftces of each of aphuaU^ of Oie teeth of fhepati^ arid tiie 
method further comprises: 

deriving from the digitized labial and lingual sur&ce data a distal represemation of tiie 
5 <»»ntationofacrownlongaxisofeaehtoodiwitiireq>eatoampoi^ 

calculating finish positions of the teetii from tiie di^tized daU and 'tiie distal 
representations of tiie crown long axes of tiie teeti^ tiie calculated fimsh . positions iticluding 
• preferred crown long axis orientations. 
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12. The mediod of claim 1 fiutber coiiq>riaxig the stq>i ot 

treatug a plorality of patieott ^:ule calculatiog the preferred crown long axis orientations • 
and produdng a record of Ibe calculated preferred crown long axis orientadons; 

recording personal data of each of Ibe treated patients, correUating the personal data wi^^ 
5 the calculated prefened crown long asis orientations and classl^ing die patients b population- 

groups on the basis of the correllatios; and 

producing a statistical record of preferred crown long axis orientations for patients of the 
population groups. 

13. ' The method of any one of claims 1-11 wherein: 
the measuring step includes the step of measuring tooth shape data; 
the ^plianee designing step includes the step of deigning appliance placement jig 

configurations firom the tooth sh^e data,' each having a jig sur&ce that will conform to the 
surfue of a req>ective tooth for faeifitadng the location of the connection point thereon and the 
connection of the appliance thereto; 

the machine code producing step ijocludes the step of producing Uie machine code at least 
in part in accordsnce ^th the designed appliance placement jig configurations; and. 

the appliance fiMeating step iaehides the step of antomatioally fidiricatiQg appliance 
placement jigs with the NC machine in response to the machine code to conform to the 4edgned 
placement jig configurations. 
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14* The method of cladm IS wherein the appliance palcement jig configuration designing 
step comprises the steps of: 

calculating, from the digitized tooth shape data and defined connectiba points, jig 
geometry defining a jig locating surface thai conforms to a unique portion of the external surfece 
5 of the crown of a toodi, and defining an appliance engaging surfiu:e having the sai&ftlo 

relative to the jig Jopadng surAce as the unique portion of die external sur&ce has to die 
connection pomt on die tooth, so that, die NC xnachine, when operated in response to die control 
sigiia], wiU form a jig diat, when fit on die toodi» will position and orient an appliance eogaiged • 
thereby at the coimection point of the toodi for comiection diereto, 

ISl The method of claim 14 wherein: 

the connection pmnt defining step includes die step, of calculating the connection points 
firom the digitized tooUi shtpe data; and 

die jig geometiy calculating step includes the st^ of definmg die appliance engngmg 
5 surface such that the location relative to the jig locating surftce b the same as (hat of the umque 

portion of die external snrfice to die calculated coniicdion pdnt'on the toodi. 
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16. The method of claim 14 wberein: 

the appliance includes a pluiaUty of bnckets/one for comiection at each coasectioD pdnt 
to a tooth, each bracket having an arehwire receiving dot thcrcm; 

flie appliance coofisfbntion design includes bracket shape data including a digital 
5 r^P^^^^tetioa of the portion and incUnadon of the slot in the bracket; and 

the jig geometry ealculatiiig step includes the step of defining the appliance engaging 
surface Id include a part thei^ that will align with the slot of the bucket when ^e bracket is 
engaged thereby. 

17. The method of claim 16 wherdn: 

the ^pliance configuraiioa designing st^ hichides the stq> of calculating bracket desi^ 
to accomodate arcuate archwire shape. 
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18. The method of claim 16 wherein: 

ihe appliance configuration designing step inchidcs the step selecting/firom a plurali^ of 
bracket blanks, an optimttm blank for the manufecture of the bracket In accoidamse with slot 
digital rapreseotatioa. 

19. A method of any one of claims 1-11 wherein: 

the measuring step includes the step of measuring the shapes of individual upptr and 

lower teeth and the shape of the lower jaw of the patient and producing thereby digitized upper 

and lower tooth data ami tower jaw shape data, the tooth shi^e dau inehiding data of the incisal 

Ups of the lower anterior teeth ami buccal cusp tips of lower posterior t^ 
marginal ridge locations of upper posterior teeth; 

tiio finish position deriving step inchidcs the steps oft 

deriving a tooth-bearing lower jaw configuration based on assembly of the lower teeth 
along the lower arch configuration with adjacent teeth in contact with each oOier and the 
lower arch configuration; 

vertically adjusting each lower tooth such that the Lwisal Ups of thelower ant^or teeth 
and bnccd cusp tips of the lower posterior teeth a» in substaatiaDy the ^ 
aad ara inclined at controUed angles of incfination; 

adjusting the tooth-bearing lower arch configuration to provide a finished tooth bearing 
lower jaw configuration by lahially-lingually positioning the lower teeth to place the incisal 
and buccal cufp lips thereof in a smooth arch in the occhisal plM^ 
contact with each other; and 

deriving a tooth-bearing finished upper loofli configuraiioa in wdi^^ 
the posterior teeth have their central grooves or marginal ridges lying ho^ 
the finished tooth bearing lower jaw coniSguratioa and verticaUy on the occlusal phuie; 
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thtt'aaterior teeth have thdr mosat tipt poiitioaed below the nrffaiHil plane to aehieve 
predetermiiied overi^iaad an borizo&taUy lahially of&et from the fisddied tooth bearing 
lower jaw configui^on to as to establish a pr^etennmed clearaD^ 
asterior teeth Uagual £ices and the labia] feces of the lower anterior teeth; 
25 the appliance configoratkm derigising step includes the step of «ilenlflritig & bracket 

ccmfig»ratioa» inelndiag bracka dot angle and bracket slot depth, for individual upper and lower 
tooth brackets, and calculating upper and lower archwire shapes, based upon the calculated 
finished tooth positions, predetenuned upper and lower archwire planes, the tooth shapes, and 
the positions of the brackets on the teeth; 
30 the appliance lagrieaKing step includes the steps of: 

fidnieatizig the upper and lower ar^wires to coafbrm to the calculated archwire 
shapes; and 

febricating the brackets to conform to the calculated bracket configurations. 

20, Hie method of any one of claims 1-11 further comprising the steps ofi 
providing criteria deseribiiv the distances of the ittdiWdnal leeih in^ 
the lower jaw; 

the fhudi poattoo deriving step includes the steps of: 
- 5 calculating from the criteria and the tooth shape data a component of cuspid rise; and 

vertically adjusting the upperand lower cu^idasuch thatiheir cusp tips are respectively 
below and above the occlusal plane a distance ttiat has a predietennined relationsUp to the 
caleulited cuspid rise. 

21« The method of claim 20 wherein the tooth-bearing Rff^AmA upper tooth configuration 
deriving step iocludes deriving the configoratioo in which: 

the upper anterior teeth have ineisal tips positioned below, the occlusal plane so as to 
achieve predetermined overlaps that have a predelenniaed relatioaship to the y»? CT lFitf 4 cuspid' 
5 rise. 

22. The method of claim 2D whftrfeia th^ au^iA jit^ fompftntnt calffulating stfp I'rkdftg 
the steps of: 

identifying ocehiding pain of respective upper and kwer posterior teeth of the patient, 
and determining for each pair from the digitixed tooth shape data a vertical distance from the 
5 highest extent of the lower tooth of the pair to the lowest extent of the upper tooth of die pair 

vdien the jaws are in a closed position; 

adjusting each determhied vertieal distance by a ftctor proportionallx related to a distance 
of each pair from the pivot axis, and seleetiag the largest adjusted veitiesa distance 
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cakulatiBg» frpin the digitized data* finish positions of the mandibular teeOi of the patient 
10 atwhichhlsbestpointsthereonareatvertiealpositioasonuappjos^^ 
and 

calculating finish poations of the upper, and lower cuspids, of the patient extend 
lespectiveiy below and above the oeehsal surface.. 

23* tlie method of any on» of cJeims 1-11 iMier eompri^g the stqx of: 
providing an ortbodonxic ^pliance designing and masufiicturing system iDcluding; 
a data input sub^jrstenk for di^ttzing input data of measured anatomical shapes end 
generating input ngnals carrying the digidzed input data^ 
5 a data processing sub-^stem for processing the di^idzed ii^t signals and generating* 

in response thereto, output signals carrying the mo^^in^ control code, and 

an NC appliance hardware manufacmring sub-system, i«M' ><iMi£ the KG mahine* for 
fabricating, in response to the output signals, a custom orthodontic appliance for the treatment 
of the patient by movbg the teeth of the patieM to tlw preferred finish posiaons; 
10 generating, with the data processing sub-system, from the derived archfbrm, output signals 

carrying numerical machine control code for operating the NG appliance hardwaremanufaeturing 
sub-system to fibricate the custom orthodontic appliance; and 

fibricating, with the NC appliance hardware manufimtoring sub-iysteffl, in rehouse to 
the output signal and in accordance with the numerical twaehinfc coQtn^ eodei> the custom 
15 orthodontic appliance of the custoioa configuration^ 

24, The method of cbdm 23 wherdn: 

the custom orthodontic appliance Includes an arehwire having an arcuate shape that is 
mathematically related to the mandibular trough skeletal archform; 

the NC appliance hardware maoufecturiog sub^stem mcludes a wire bending apparatus 
5 le^onslve to snmerieal machine coaticl codei carried by the output signal; 

the otttpm dgnal indudes a series of codes ^ operating dke wife bending s^parattts to 
feed a wire and to bend ttie fed wire into the custom arehwire configuxatton for conneetioii of 
the arehwire to die teeth of a jaw at a respective coimection points^ ' 

25. The method of claim 24 herein; 

the digitized input data contains infonnatiQn from which tlie connection point of the 
appliance and slope of the surface ai the coxmection pc^ can be derived; 

the custom orthodontic appliance includes a plurality of bracketSy one for each tooth 
5 ' connection point, each having a base seatrable to the respecfive connectiQa pdnt, and' each 

having an archudre shst connectable to the arehwire; 
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tike NC appliance bardware manufactiiriog satheytusm iodudes a bracket fabiicatisg 
appaiatus lespoosive to nomerical machiae control codes carried by the ou^ut rignal; 

the output Qgnal includes a series of codes for openuisg tbe bracket fabiieatiDg appaiatus 
10 to fabricate each bracket with the arcfawire slot positioned with respect to the base to sappoit and 

orient a point on the archwire with respect to the cuinection p<nnt of the respective tooth to 
transfer force therebetween to urge die tooth toward ito finish podtion. 

26* The method of claim 25 wherm: 

the ^gitizBd input data contains infonnatioa of a contour on the surfoee of the tooth; 

the cusU>m orthodontic appliance indudesabraeketplaceoeiU jig for e^ . 
a surface for uniquely positioning tbe jig with respect to the mufm of the tooth and for 
5 poatioiung the bracket thereon at tbe connection point thereof; 

the NC appliance hardware manuftcbiring sub-system includes a bracket placement jig 
fbbricatingapparatus refponsive to numerical mn^fcin^ control codes carried by die output signal; 

the output signal includes a series of codes for operating the bracket piaeement jig 
fabricating apparatus to febricate the bracket placement jig. 

27* The method of claim 25 wherein dte appliance fabricating step includes &e steps of: 
providing a plurality of bracket blanks and 

forming a bracket from tbe bracket blank by forming an archwire riot in each of the 
bracket blank such that each slot* will lie in an archwire plane when the bracket is mounted on 
5 tbe connection point of a tooth with the tooth in its derived finish poritioo. 

28. Tbe method of claim 27 wherein: 

tbe bracket slot cuttiog step includes the step of fonning the slot to a dq)th defined by the 
intersection of the qtpliance archfom etiuation with the bracket* when die bracket Is in w mtfd 
on the connection point of a tooth with the tooth in its derived finish poridon; and. 
5 the bracket slot cutting step includes the step of fonning tbe slot to a slocbottoin eurvanire 

' of the radius of the intersecting circle segment of the appUance anhfonn eqiiadon. - 

29* Tbe method ofany one of cla^ 1-11 wherein the connection position establishing 
step includes, to provide optimal ipacing thereof from the goma of a.patient and ekarancft wtfli • 
teeth of the opposite jaw of tbe patient, tho steps of: 

di^tizing data of shapes of the teeth of the patient and of geometiy of parts of an 
5 i^plianee to be' connected .thereto; 

calculating from the digifized data finish poatxons of the tecdi of the patient and the 
relationships of between points on sur&ees of teeth of the opporite jaws; 
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calcttUting from the dlgitked daU locatiou on the torfiices of the teeih of 000 jaw of the 
patient at which Ihe appliance is to be connected to provide optima] q»acin^ thereof btm the 
10 gumi of a patient and deanuHe with teeth of the opposite jaw of the patient; and 

te Sg wi ng appliance configuration in accordance with the calculated locations for 
connection of the appliance to the teeth of die patient 

30. A method of any one of claims 1-11 wherein: 
the custom orthodontic appliance includes an archwire; 

the appliance configuration de«gning ctq> includes the step of derivmg digital archwire 
shape dau hased at least in part on the the derived axchform; 
5 the machine code producing step includes the step of generating a wire shape control 

dgnal in response to the digital archwire shape data, such Uutt, when communicated to an 
archwire fofiner» thefonner will produce ncostckm orthodonde archwire based on theanatomical 
dkapes from the individual padent's mouth; and 

forming a length of orthodontic archwire material into a controUdl shi^ in recponse to 
10 the wire sb^ control signal to produce the euctom archwire. 

31. The method of claim 30 wherein the machine code producing step includes the steps 

oft 

providing archwire material property data of the archwire material; and 

generadng the wire bending control signal in response to the material property data o 
.5 arcfawiie matexial, 

32. The method of claim 30 further compriang the steps of: 

measuring an archwire span between two points 00 the produced custom orthodontic 
archwire; 

calculating 9 dedgn archwire span fiom the derived arcbwiie shape data; 
5 comparing the measured archwire q»tt with the design aichwiiv span and stgnaUng a 

result of the comparison; and v 

generating the wire bending control signal in response to the signaled result of the 
eompsrison. 

33* A custom ortbodootio appliaoce febricatisg apparatus comprising:: 
means for measuring anatomical shapes from the mouth of the patient, aAd producing 
thereby digitized anatomical sbape dieua; 

a £gitat computer indiiding program means fon 
5 deriving an aichfom from the di^tized data with a specially programmed digital 

computer; 
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deriving tooth finidi posiUons from ttie digitized data and the derived axehlbm; 
deagmiig» from the digitized data, established appliance connectioa pouts ajad the 
derived tooth finish positioos, an appliance configaxatioa such that a custom appliance 
10 fabricated in accordance therewith and conntctedatthe^^IianceconnectioApfunts to the . 

teeth* WOJ exert sabstandaUy no tooth moTdog forces on the teeth ^es u the derived 
' tooth fiiush poatxona* and will otherwise urge, the teedk toward the derived finish 
positioos; and 

producing osachine code in accordance with the designed appliance configuratiott; and 
15 an machine for automadeaUy fabricating a ettctoin orthodontie i^plianee in response to 

the machine code to conform to the derigned appliance configv ration. 

34* The apparatus of claim 33 wherem die fabricating machine comprises:: 
an archwire former inelndbg means for forming a length of orthodontio arehwire material 
• into a controlled shape in response to a wire diape control signal communicated fliereto; and 
the program means including means for generating a wire shi^ control rignal in response 
5 to the digital archwire shape data, such that» when the signal is communicated to the archwire 

former, the former will produce a custom oithodontic archwire coofonntng to the anatomical 
shape of the.individuaS padent-s mouth. 

35. The apparatus of claim 34 wherein: 

the derived diptal archwire shape data inchides vrire length data correJaled to a length 
component of the derived digital, arehwire shape data and wire cttrvatute data conelated to a* 
curvature component of the derived digital archwire shape data that is a function of the length 
component; 

the wire shape control signal includes a wire feed control rignal canyiog the wire length 
data and a wire bending control signal carrying the wire curvature data; ' 

the program means includes means for generating the wire feed control signal and means 
for generating a wire bending eootrol signal and communicating the eontrd signals to the 
arehwire former; and 

the archwire former inchides means for longimdinally feeding the orthodontio archwire 
material is response to the wire feed eontrol signal and means for transversely beading the 
archwire material fed by the wire feeding means in response to the wire bending control signal 
and in synchronism with the feeding of the archwire material. 

3(* The apparatus of claim 34 herein: . 

the digital arehwire ^ape data isa di^ representation of a connected series of wire 
- segments, each having a length component and a curvature component; and 
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tbe archwire ^Mmer includes means for longitudinally feedipg a series of lengths of tbe 
5 orthodondo archwire oiaterial correcpondisg to the respective wire length components in 

accordance with the wire length data and means for bending each fed length of aichwire material 
lo a corvanire corresponding to the respective wire curvature component in accordaxkce with the 
wire curvature data. 

37. The apparatus of claim 36 v^erein: 

each wire segment is in the form of a circle segment with the length component thereof 
representing a tangeotia] length of archwire material and with the enrvatitre component thereof: 
r^resenting a constant radius of curvature of the material over tbe tangential length of the 
5 segment; and 

the feeding means includes means for liongitudinally feeding a series of tangential lengths 
of the ortbodoatb archwire material and the bending means includes means for bending each fed 
length of arebimre segment to a constant fadius in aoeordanee with &e wire curvature 

38. The apparatus of claim 37 wherein: 

tbe feeding means is operative to sef{uentxally feed a series of lengths of the archwire 
material equal to the length components of the eirele segments, in response to the wire feed 
signal, along a loagitudioal paU^ 
5 tbe bending means includes a bending element moveable in response to the wire bending 

sigzud transverse to the path to impart a transverse bending deflection to tbe segment and a 
transverse position sensor for produdng a feedback signal responsive to the deflection; and 

the computer indudes means for modiiying the vrire bending eontr<4 dgnal in response 
to the feedback signal to provide closed loop control of &e bending element. 

39. The apparatus of claim 34 wherein: 

the program means includes means in communication with the wire shape control signal 
generating means for receiving material property data of the ardiwire material and for modifying 
tbe wire beoding.control signal in accordance with the property ditta to compensate for elastic 
5. properties of the material. 

40. Tbe apparatus of claim 34 forther comprising; 

means for measuring an archwire span between points on first and last segments of the 
series of the produced custom ortibodontic archwire; 

. the program means including means for cateula&ig a design archwire q>an torn the 
5 derived arehwure shape data; 

means for comparing the measured archwire ^an with the design archwire span and for 
storing the results of the comparison; and 
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tbe pfogno mcaas opexativo to generate the wire shape control rignal hi response 
to a stored resull of the comparison. 

41. Hie apparatus of any one of clums 33-40 wherein the £ibricatbg machine 
comprisea:: 

a bracket fbmuBg- apparatus iactoding: 

a holder having means thereon for mounting a bracket blank thereon for &bricatioD; 

means for forming at least one surlace of a bracket blank mounted on the bolder in 
•response to a machine control signal communicated thereto in re^onse to the control 
signal including means for shaping the bracket blank moonted on the holder to produce 
a bracket having a slot of a calculated geometric relationship to the mmiT iting mxthet of 
the bracket base thereof. 

Tbeapparanisof e]aim41 wbeietn: 

each slot includes generatty parallel upper and lower sides defining a slot indtoatioa and 
Includes a dot base at an end. dierieof nearest the bracket base defining a slot position; 

each calculated geometrib relationship of a slot to the mounting suriace of a bracket 
includes the slot inclination and a slot position relative to the mounting aurftce; 

the generated machine conGrol signal carries niaehine control instructions for eausu^ 
forming means to shape the bracket blank to produce a bracket having a slot of the calculated slot 
incUnalion and slot position with respect to the mounting surfrce; 

the dot of each bracket is adapted to reteivo an aichwiie having a custom curvature 
a4iace&t the tooth on which the bracket it to be secured; 

each calculated geometric reUtiondiip of a slot to the mounting surfece of a bracket 
includes a slot bottom curvature conforming to the custom curvature of the archwire adjacent 
thereto; and 

the generated aiachihe control signal carries machine control instructions lor caudng the 
forming means to shape the bracket blank to produce abrackethaving a slot of the «»Wt|fltrd sidt 
bottom curvature. 

. 43. Tbe apparatus of claim 41 wherein: 

the forming means inchides means for cutting a slot in the support in reiponse to the 
control signal. 

44. Hie apparatus of daim 41 wherein: 

the bolder and the forming means are mounted on a stand; and 
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the apparatus further comprisea meauB for angular]/ orieoting Ihe holder with respect to 
the stand and to the fonmng means, and means for translating the cutting jneaas with req>eet to 
5 the ctand aad to the bolder^ in response to the eootroi signal. 

45. The appara tu s of claim 33 wherein: 

the fabricating mnrhfim comprises: a jig fonner including means for forming a jig for 
podtioning a custom orthodontic appliance on a tooth of a patient^ Including means for shaping 
the cooloun of a surface of blank of jig forming material in response to a control signal 
5 communicated diereto; 

the measuring means includes means for providing a digitized record of the shapes of tihe 
teeth of a patient and of the locations relative to the tooth shape reeord of appliance connection 
points on surfoees of the teeth; 

the program means includes means for calculating, from the digitized tooth shape and 
10 connection point record, $g geometry defimng a jig locating sorfrce that conforms to a unique 

portion of Ihe external suHace of the crown of a tooth, axkd defining an appliance engaging 
sur&ce having the same location relative to. the jig locatbg surface as the vnique portion of die 
external surface has to the connection point on the tooth; aad 

the generating means includes means fiar generating a iwafthtn^ contidl «*gF*ft' carrying 
15 . machine control instractions for producing a jig in accordance v^th the calculated jig geometry; 

46i, The apparatus of dmm 45 wherein: 

the appliance indudes a pluratity on>rac]ttts, one for connection at each connection p^ 
to a tooth; 

the apparatus further comprises means for providing digitized bracket shape data of an 
5 external surface of each bracket to be connected to a connection point; and 

wherdn die jig geoinetry calculatbg means inchides means for defining the appliance 
engaging surface of the jig to conform, in ttspooU to the digitized bracket shape data, to the 
est ab l i shed appliance geometry, - 
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IN PLANE, DETERMINE INTERSECTION OF 
NORMAL LINE (NL) TO ARCHWIRE PLANE 



X 



1630 

IN PLANE CALCULATE RADIAL DISTANCE 
(XD) FROM NL TO LABIAL SURFACE OF TOOTH 



1635 . 

CALCUUTE MINIMUM ARCHWIRE RADIUS AS 
PO+XD+CLOSEST WIRE SPACING FROM TOOTH 



± 



1640 



SIMILARLY CALCULATEMAXIMUM RADIUS 



1645 . 

CALCULATE COORDINATES AT MAXIMUM 
AND MINIMUM RADII IN ARCHWIRE PLANE 



1650 

CALCULATE MIDPOINT BETWEEN 
MAXIMUM AND MINIMUM POINTS 




NO 



1660 

AVERAGE SIDES FOR 
SYMMETRICAL WIRE 



1665 

DETE RMINE SMO OTHEST CURVE 



1666 

COMPUTE CUBIC SPLINE 
EQUATION (R&2W) 




1670 
EACH TOOTH 



1672 

DETERMINE INTERSECTION OF 
TOOTH ICP RADIUS AND CURVE 



1675 

DETERMINE SLOT IN^ 
DIMENSION FOR TOOTH 




NO 



1685 

CONVERT SPLINE EQUATION TO 
CIRCLE SEGMENT EQUATION [RQ. 2Z 



1690 

CONVERT CIRCLE SEGMENTS TO 
UNEAR DISTANCE MOVES FOR NO 




FIG. 2T 
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1700 

MAXlliARY 



BRACKEnnour 


kANOARCHWIRE/ 


\ DESIGN 




1705 
EACH TOOTH 






- H 





1768 

CHOOSE LOGIGAL BRACKET REPLACEMENT 



1706 

BND CIRCLE SEGMENT OF ARCH EQUATION 
ASSOCIATED WITH INCISAL OR CUSP TIP (ICP) 



1710 

DERNE VERTICAL PLANE THROUGH TOOTH ICP 
AND BEST FfT ARCH CIRCLE SEGMENT CENTER 



1715 

. IN PLANE; CALCULATE PYIHAGORIAN 
DISTANCE (PD) FROM SEGMENT CENTEBTO ICP 



± 



1720 

IN PLANE, DEFINE LINE 
NORMAL TO PD THROUGH ICP 



1725 

IN PLANE. DETERMINE INTERSECTION OF 
UNE NL TO RaEVA^^• ARCHWIRE PLANE 



i 



1730 

IN PLANE. CALCULATE RADIAL DISTANCE 
(XD) FROM NL TO LABIAL SURFACE OF TOOTH 



J. 



1735 

CALCULATE MINIMUM ARCHWIRE RADIUS AS 
PDtXD4aOSESTWIRE SPACING FROM TOOTH 



J. 



1740 

SIMILARLY CALCULATE MAXlfJlUM RADIUS 



1745 

CALCUUTE COORDINATES AT MAXIMUM 
AND MINIMUM RADII IN ARCHWIRE PLANE 



I 



1750 

CALCUUTE MIDPOINT BETWEEN 
MAXIMUM AND MINIMUM POINTS 




1760 

AVERAGE SIDES FOR 
SYMMETRICAL WIRE 



1765 

DETERMINE SMOOTHEST CURVE 
X 



1766 

COMPUTE CUBIC SPLINE 
EQUATION rHG.2W» 




1770 
EACH TOOTH 



1772 

DETERMINE INTERSECTION OF 
TOOTH ICP RADIUS AND CURVE 



T 



1775 

DETERMINE SLOT IN^UT 
DIMENSION FOR TOOTH 




NO 



1785 

CONVERT SPUNE EQUATION TO 
QRCLE SEGMElff EQUATION [FK I 2Wl 



1790 

CONVERT CIRCLE SEGMENTS TO 
LINEAR DISTANCE MOVES FOR NC 




FIG. 2U 
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1810 

READ TOOTH PROFILES FROM STEP (500) AND 
(OPTIONAL) CONTOURS FROM STEPS (300) AND (400) 

T 

1815 

READ ARCHWIRE PLANE AND INTERSECTION WITH PROFILE FROM 
STEPS (1200) AND (* 1 406) 



t ; 

1825 

READ SLOT IN-OUT DIMENSION FROM STEPS (1 600) AND (1.700) 



1830 

READ BRACKET TYPE FROM STEPS (3000)ANO 
LOOK- UP BRACKET OIMENTIONS 

i 

1835 

READ WIRE DATA FROM PERSCRIPTION AND STEP (3200) 

1840 

INPUT TOOL DIMENSION DATA AND SET CLEARANCES 

1845 
EACH TOOTH 

, : i 

1850 

COMBINE DATA FROM ABOVE AND <- 
GENERATE TOOL PATH EQUATIONS 




1860 
T TOOTH 
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2000 

^CUB1CSPUNE\ 
ROUTINE 
ENTRY 

roiNT. 




2005 

EXECUTE CUBIC SPLINE ROUTINE 
AND IDENTIFY DATA POINTT FILE 



2010 

DECLARE SUBROUHNES 
AND DIMENSION ARRAYS 



2015 

READ DATA RLE AND 
ARRAY AS X-Y POINTS 



2020 

DEFINE FIRST DATA POII^ AS ORIGIN 0.0; 
SET ALL OTHER POIffTS RELATIVE TO 0.0 



2025 

COMPUTE SLOPES OF THE CUBIC SPUNE: 
A) COMPUTE COEFFiaENTS OF PARABOLA 

B) RLL FIRST SLOPE ARRAY POINT 
C) aL INTERMEDIATE ARRAY POINTS 

D) FILL FINAL SLOPE ARRAY POINT 

T I — 



2030 

COMPUTE SPLINE COEFRCIENTS 



2035 

EVALUATE PaYNOMIAL 




CALCUIATE: 

(A) LINE FROM POINT J TO J+1 
(BjifffERSECnONOF 

TANGENTS TO POINTS 
(C) UNE PERPENDICULAR 

TO (Ay AND (B) 
(0) CENTERS OF CIRCLES = 

INTERSECTIONS OF UNES 

NORMAL TO POINTS AND (C) 



CALCUUTE 

(E) ANGLES BETWEEN POINTS 
AND (C) ABOUT (0) 

(F) ARC LENGTHS 

(G) INTERSECTION OF (D) ON (C) 




2045 

CALCUUTE POINTS AT SMALL INCREMENT 
ON EACH SIDE OF ORIGINAL DATA POINT 



2050 

CALCULATE SLOPES AT POINTS ON 
EACH SIDE OF ORIGINAL DATA POINTS 



2055 . 

SaVE QUADRATIC EQUATIONS, CALCULATE 
RADIL ARC LENGTHS. RUNNING ARC LENGTH 



(A) IF OFFSET REQUIRED. 
EXPAND SEGMENT 



(B) 

(C) 
(D) 



PLACE MESIAL CONTACT 
POINT ON ARCH 
aRCLE(B) AT TOOTH WIDTH 
PLACE DISTAL COJfTACT WHERE 
ARCH INTERSECTS (C) 
CIRCLE (B) AT 172 WIDTH 
PUCE TOOTH CENTER WHERE 
ARCH INTERSECTS (E) 




I NEXT TOOTH 



FIG. 2W 
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3025^ 
CREATE 
MAIN CNC 
iPROGRAM; 



(RS-274) 

1) ERASE PRIOR 
PROGRAM AND SET 
MACHINE TOOL TO 
INITIAL POSITION: 

iiimimm 

G00G90G98X0.0 
Y1.0Z0.0C0.0 
M03 

G00G99C180 



2) POSITION FOR 
LOWER SECOND AND 
FIRST BICUSPID P 
CODE EXECUTION: 

G90GOOX-45 
Y0.300 

P0101 

G90X-3.5000 
P0201 

G90 X-2.5000 
(CONTINUE 
THROUGH P CODE 
NUMBER 10) 

P0801 

G90X3.5000 
P0901 

G90 X4.50QO 
P1001 



. 3026 

3) MOVE CUTTER 
FOR FIXTURE 
CLEARANCE AND 
POSITION FIXTURE 
FOR CHANGE TO 
UPPER BRACKETS; 
TURN OFF CUTTER 
AND PAUSE 
PROGRAM: 

G0OGgOG98Y1. 

M05 

X0.C50. . 
MD1 



4)C0IiriNUEUP0N 
COMMAND, ROTATE 
FIXTURE AND 
PRESENT 
WORKPIECETO 
CUTTER: 
M03 

GOO G99 C-ISa 



5)POSinONFORUPPER 
SECOND AND FIRST 
BICUSPID P CODE 
EXECUTION: 

G9060aX-4.5Y.150 

Pilot 

G90X-3.5000 
P1201 

CONTINUE THROUGH? 
CODE NUMBER 20 

090 xasoo 

P1901 
G90 X4.500 
P2001 



6) MOVE CUTTER FOR 
FIXTURE CUARANCE AND 
POSITION FIXTURE FOR 
PLATE REMOVAL; TURN 
OFF CUTTER AND STOP 
PROGRAM AND REWIND 
TO TOP OF PROGRAM: 

G00G90G98XO.0 
Y120.0 

C50. 

M05 

M30 



FIG. 2X-1 
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SUBSTITUTE SHffT (RULE 26) 
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(RS-274) 

1) ERASE PRIOR 
PROGRAM AND SET 
MACHINE TOOL TO 
INITIAL POSITION: 

//////////////// 

600 690 698X0.0 
Y1.0Z0.0C0.0 

M03 

GOO G99 C180 



2) POSITION FOR 
LOWER SECOND AND 
FIRST BICUSPID P 
CODE EXECUTION: 

G90G0OX-4.5 
Y0.300 

P0101 

GgOX-3.5000 
P0201 

G90 X-2.50d0 
(CONTINUE 
THROUGH P CODE 
NUMBER 10) 

P0801 

690 X3.5000 
P0901 

G90 X4.5000 
PlOOi 



3026 

3) MOVE.CUTTER 
FOR FIXTURE 
CLEARANCE AND 
POSITION FIXTURE 
FOR CHANGE TO 
UPPER BRACKETS; 
TURN OFF CUHER 
AND PAUSE 
PROGRAM- 
GOO 690 698 Y1. 
M05 ' 
XO. C50. 
M01 



4) CONTINUE UPON 
COMMAND, ROTATE 
FIXTURE AND 
PRESENT 
WORKPIECETO 
CUTTER: 
M03 

GOO 699 C-180. 



5) POSmON FOR UPPER 
SECOND AND FIRST 
BICUSPID P CODE 
EXECUTION: 

G90 600X-4.5Y.t50 

P1 101 

G90X'3.5000 
P1201 

CONTINUE THROUGH P 
CODE NUMBER 20 

690 X3.500 

P1901 
. 690 X4.500 

P2001 



6) MOVE CUTTER FOR 
FIXTURE CUARANCE AND 
POSITION FIXTURE FOR 
PLATE REMOVAL; TURN 
OFF ClfFFER AND STOP 
PR06RAM AND REWIND 
TOT0POFPRO6RAM: 

600690 698X0.0 
Y120.0 

C50. 

M05 

M30 



FIG. 2X-1 
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^) CALCULATE VARIABLES FOR EACH BRACKET: 
TmDTIa<o;THEN; 



lYPt=(-inBW(B0-7WR)); 
BI3=IYPT/C0S(ThtaRad)+eLAN/tan(nitaRad); 
bL5=fc/sin(ThtaRad); 
ml5=lan(ThlaRad - PI/2); 
ML4=ML5; Beta=ThtaRadi-atan(bQ/ic+bc)): 
D1=((fc+bc)A2)^1/2); 

P7x=(bL5-bL3)/ML3-ML5); P7y=ML3*P7x+bL3; 

P8x=(D1 *sln(Beta)+tw.bL5)/MU: 

P8y=Drsln(BetaHwn 

De!x=P8x-P7x; Dety=P8y-P7y; 

LA{DelxA2+Dely'^n1/2); 

x=(LA*(cos(ThtaRad))A2/{1+(cos(ThtaRad))A2); 



WHERE 
P7x AND P7y = X ANDY 
COORDINATES OF INTER- . 
SECTION OF UNE 5 AND UNE 3; 
P8xANDP8y= XANDY 
COORDINATES OF INTER- 
SECTION OF UNE 5 AND UNE 
PARAU£LTOXAXISAND 
THROUGH TIE VWNG IN ROTATED 
POSITION; 

lAsPYTHAGOREAN DISTANCE 
FROM POINT 8 TO POINT 7; 
P9x AND P9y = BOTTOM OF SLOT 
IN XANDY DIRECTIONS FROM 
CENTER OF FIXniRE ROTATION. 



3032 IF TmpTte>0, THEN: 
IYPT=bw+bo+=twr, 
bL3=IYPT/cosCThtaRad); 
bL5=fc/sinfnitaRad)+Elan/lanfrhtaRad); 
ML3=tan(ThlaRad4>l/2) 
ML4=ML5; 

Beta?ThteiRad+atan(bo/k:-i-bc)); 

D1=((fG+bc)A2+(bO)^l/2); 

D2((lc+bc)A2+(IYPT)A2)^1/2); 

p7x=(bL54)L3)V{ML3-ML5)jML4; 

P7ysML3*p7x+bL3; 

p8x=(Drsln(Beta)+lw4r=bL5)/ML4; 

P8y=Drsln{Beta); 

Deix=P8x-P7x; 

Deiy=P8y-P7y; 

LA=(DelxA2+Dely^2)/(1+(cos{ThtaRad))^); 
P9x=P7x+x*sln{ThlaRrad); 
P9y=P7y-*cos(mtaRad); 
IFTheta<OTHEN 

IF LOWER TEETH, THEM 

friaStrt="niela'TtaEnd=(-1)*Thela;} 

ELSE {TlaStrti(-1)Theta;TtaEnd=Theta;} 
ELSE 

IF LOWER TEETH THEN 
rrtaStrtsTheta; TlaEnd=(-1}*Theta;} 

ELSE fnaStrt=(-1)*Thete; 
T!^End=Theta;} 

D2=PYTHAG0REAN DISTANCE FROM 
(0.0)TO(fc+bclYPT; 
TEMPORARY Thela {TmpTia)=0 
TIE WING RADIUS (twr)=0-010 



T 



3033 SUBTRACT ONE HALf WIRE 

HEIGHT FROMTNOUT DIMENSION; 

Elan=Elan-0.0.12 

WHERE ML3=SLOPEOFrine3: 

bL3=Y INTERCEPT OF line 3: 

ML5=SLOPEOFUNE5; 

bLfcY INTERCEPT OF UNE 5; 

ML4=SLOPEOFUNE4; 

BETAsANGLE BETWEEN X AXIS 

ANOCENTStOFTIEWlNG 

(BELOW X AXIS). 



3034 EXTRACT DESIGN DATA 

FOR SECOND BICUSPIDS: 

BCU>l^BCll BCUpHfcUSBCUH 
iSf^^r^ BOUpLorUSBOUL 
B0U)LM||0I1 B0UpHi=U50UB 

WHERt*"^ BWUpprMJSBW 

FOR LOWER SECOND BICUSPIDS: 
L5BCa=BRACKET CONSTANT BELOW X AXIS; 
L5BCLH=8RACKET CONSTANT ABOVE X AXIS; 
ISBQU^sBRACKET OFFSET BaOW X AXIS; 
L5B0tH=BRACKET OFFSET ABOVE X AXIS; 
L5BW=BRACKET WIDTH; 
FOR UPPER SECOND BICUSPIDS: 
U5BCUUBRACKET CONSTANT BaOW X AXIS; 
U5BCUH=BRACKET CONSTANT ABOVE X AXIS; 
USBOU^RACKET OFFSET BELOW X AXIS; 
U5B0m=BRACKET OFFSET ABOVE X AXIS 
USBW^CKET WIDTH 



3035 SET ALL 
BRACKETS EXCEPT 
BICUSPIDS TO 
LOWER PROFILE. 



~*\piT J 



SUBSTITUTE SHEET (RULE 26) 
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(30481 ASSIGN VARIABLES FOR EACH TOOTH: 
VJ^IFTOOTH IS LOWER SECOND BICUSPID: 



iw=L%BW 
E]an=LI2bnr 
ThetapL12biA 
ar=LR5 
fc=FCLo 

IF 0an<=MinBic THEN LOW PROFILE BRACKET & 
LLt5=0 

IF Tlieta<=0 THEN {boBCBiLo; bo=-1*BOBiLol 
ELSE {bc=BCB!Hi; bo=BOBiHi} 
ELSE IF Theta<=0 THEN LOW PRORLE BRACKET 
& {BC=I5BCLL; bo=-i*L5BOLL} 
ELSE HIGH PROFILE BRACKET & 
{bc=L5BCLH;bo=L5BOLH}) 



WHERE: 

MInBioMINIMUM BICUSPID 
IN-OUT FOR HIGHER 
PROFILE BRACKETS 
bw=BRACKET WIDTH 
Elan=IN-Oirr 
Thela=TORQUE (SLOT 
INCUNATION TO PLANE) 
ar^CHRADIUS 
LR5=L0WER RADIUS FOR 
SECOND BICUSPID 
fc=RXTURE CONSTANT 
bo=BRACKET OFFSET 
bc=BRACKET CONSTANT 



3045 TEST FOR NON-ZERO ANGLE: 

IFThetaoOTHEN: 

ASSIGN UPPER OR LOWER SIGN TO ANGLE: 
LOWER TEETH: TmptTA-(-1}*Thela 
UPPER TEETH: TmpTlasThela 
ThtaRattRADCrmpm) 
ELSE: TlaSlrt=Theta 
TlaEnd=Thela 
P9x=fc+San 



WHERE: 



P9H0^)*ABS{bo+twr+0.5*bw] 
IF LOWER TEETH: P9v=f 



*bw) 



\ 



ThtaRa(J=THETA 
CONVERTED TO 
RADIANS 
P9XAND 

P9y=DISTANCE OF 
BOnOMOFSLOTIN 
X ANDY DIRECTIONS 
FROM CENTER OF 
FIXTURE ROTATION 



3050IFTMpTta>0: 

P9x=P7x-x*sin(ThtaRad) 

P9y=P7y+x*cos(ThlaRad) 

IFTheta<OTHEN: 

IFC0UNTER<+12THEN 

{TlaStrt=Thela;TlaEnd=(.1)*Thela} 

ELSEfnaStrt=(-l)*Thetae 

ItaEndsTheta) 



WHERE: 



IYPT=DISTANCE FROM X AXIS 
TO BRACKET WALL; 
bo=BRACKET OFFSET; 
fc=FIXTURE CONSTANT; 
bc=BRACi«T CONSTANT; 
twi^TIE WING RADIUS; 
bw=BRACKET WIDTH; 
D1=PYTHAG0REAN DISTANCE 
FROM(0,0)TO(f(Hbcbo) 



3055 PERFORM CALCUUTIONS FOR 
TORQUE SLOT ON ARCHWIRE RADIUS: 



IFbic<=OTHEN: 

NCj=0.35 

NCH).0 

ys=P9x+cr 
ELSE: 

NCi=tr*sln(aar) 

ncj=tr*cos(arr) 

y^P9x-ir(1-cos(arr))«r 
xs=s-NCi 
)£=SfNCi 



WHERE: 

z = P9y [HEIGHT OF CUTTER 
NEED TO CUT TORQUE 
SLOT INTO BRACKET; 
cd = CUTTER DIAMETER; 
NCI AND Nq = START TO 
CENTER POIMTS FOR ARCH 
RADIUS CUTTER PATH IN I 
AND j DIRECTIONS; 
ys AND xs = y AND X START 
POINTS FOR ARCH RADIUS 
CUTTER PATH; 
xe = xENDPOINT FOR ARCH 
RADIUS CUTTER PATH 




SUBSnTUTESHECT(RULE26) 



FIG. 
2X-3 
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3060) COMBINE NC CODE WITH CALCULATED VALUES AND GENERATE 



INDIVIDUAL TOOTH SUBROUTINES: 

IF TOOTH IS A BICUSPID: 

one$='G91 C + TlaSWr 

two$ = "690 GOOX" + 'xs" + T + r 

threes = "Y"+"ys" 

IF TOOTH IS LOWER 2ND BICUSPID 
THEN {FOUR$="G01 x" + "XE" + 

ELSE {FOUR$ = "601 Xt-^e" 
five$ = 'gOOY1.r 
sbcSs'ZO.O" 

seven$ = '091 C +"TlaEn(l' 



ELSE 

6ne$*'G91C" + 'ThaSlrt' 

two$ = "G90 gOOX" + X8 + T + "z" 

three$ - 'Y* + "ys* 

fours s G02 r + "NCr.+ 'J-' + "NQ' + X" + 
"xe" 

five = "goo Ul.r 

sevens = 'g91 0* + ThaEnd* 



T 



3065 WRITE P-CODE SUBROUTINES: 
3066 FOR BICUSPIDS: 
P01 

691 C-12.52 

G90 600X3.8000Z0.1294 

Y-0.0551 

GDI X-3^000 

600Y0.300 

Z0.0 

691 C12.52 
M12 



3067 FOR OTHER TEETH: 
P03 

G91 C-9.82 

GgOQOOX-a0229 Z0.1049 

Y-aun 

602 10.5229 J-1.436BX-1.9771 

600Y0.300 

Z0.0 

691 C9.82 
M12 




FIG. 2X-4 
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3200 
ARCHWIRE 
MAKING 
STEP 



3^10 ftEAD ARCHWIRE DATA: 
WIRE ALLOY, 
. WIRECROSS^ECTION 



3215 READ ARCHWIRE 
EQUATION, FOR EACH 
CIRCLE SEGMENT: 
RADIUS 
. SECTOR LENGTH 
CUMMUUTIVE LENGTH 



3220 ADD TERMINAL LEG RADII 
AND SECTOR LENGTH TO PRODUCE 
PARALLEL LEGS + 1/2' STRAIGHT 
SEGMENT 



I 



3025 CALCUUTE TERMINAL LEG SPAN] 



I 



3030 READ WIRE PROPERTIES FROM 
WIRE DATA TABLE FOR WIRE ALLOY 
AND CROSS-SECTION 



3235 COMPUTE SLOPES OF CUBIC 
SPUNE DESCRIBING WIRE 
BEHAVIOR 



I 



3240 COMPUTE CUBIC SPUNE 
COtFICIENTS IFI6.2WJ 



I 



3245 CALCULATE ANVIL LEVER ARM 
. AND ANVIL DISPLACEMENT FOR 
-GIVEN RADII 



T 



3255 WRITE DATA ARRAY: 
SECTOR lENSTHS. 
LEVER ARM DISPLACEMENTS. 
RADII. 
TERMINAL LEG SPAN 



3260 INITlAuScbNThOLLEft: 
mcM&HpOOO.&HQ 



Z 



3265 SET CONTROLLER BASE ADDRESS 
(0000:0000) 



FOR«lsOT01 
mc.resetx% 



"reset contiDDer 



inaiel|)olei(%^0 
rnc^en>x%,150 

[ncielcaivnandx%,0& 'set command position to zero 
[nc.cjf4)0Siliaix% 'clear aduaiposiion 
inc.selpcx%,CONTROL lumonseivoconlioi 
NEXTx% 



I 



3270 SET DEFAULT PARAMETERS 
enc%s8000 
niax.vel = 5 
acc = 8 

FORx% = 0TO1 

mc^etjnvel x%, max.vel 
mcselaGcei x%, acc 

NEXTx% 



3275 m) SEOlSlAL SEMIES 01^ 
SECTOR LEN(3t»S AND LEVER ARM 
DiSPLACEMBfTSTO WIRE MACHINE. 



, I , 

13280 ZERO LEVER ARM | 



3285 INSPECT WIRE: 
READ WIRE LEG LOCATION, 
CONVERT TO NUMERICAL VALUE 
CALCULATE DIFFERENCE OF TERMINAL LEG 
SPAN (DESIGN) AND MEASURED SPAN 



3290 MULTIPLY RADII 
BY CORRECTION 
FACTOR 




FIG. 2Y 
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3515 FOR EACH TOOTH [e.g. LOWER 
LEFT 2nd BICUSPIDS 11263, 
FROM DESIGN DATA. READ: 
a) INTERSECTION OFARCHWIRE PLANE 
WITH TOOTH SURFACE (LL2Bix,Ll2Biy); 
b) SLOT IN-OUT DIMENSION {LL2BII0); 

c) BRACKET TYPE {L12BIBR); . 

d) READ LABIAL OR UNGUAL 



I 



13520 FOR EACH BRACKET, 
LOOKUP BRACKET 
THICKNESS (LL2BiB1) 
FOR BRACKET TYPE 



3530 OPEN CNC FILE FOR 
JIG MAKING MACHINE 
CONTROL 



I 



3535 WRITE MAIN 
PROGRAM FOR CNC RLE 
[FIG.2Z-1I 



3540 IDENTIFY SEQU^NTIAU 
FILE CONTAINING BEGINNING 
AND ENDING OBJECT NUMBER 
FOR EACH TOOTH PROFILE PF 



3545 READ CAD FILE CONTAINING 
TOOTHCROSS-SECTION PRORLES 



I 



3550 ENTER ENDMia DIAMETER 
(ToolRad); MUST BE LESS THAN 
ARCHWIRE SLOT (0.018 OR Om) 



I 



3555 DECLARE CONSTANTS: 
(1) DIAMETER OF BLANK (CircRad) 

(2) CLEARANCE OF CUT ON OUTSIDE 

• OF JIG (Clear) 

(3) NUMBER OF LOOPS (NumPk)=23) 

(4) LOOP COUNTER (counler)= 1 

(5) P-CODE COUNT (PCount)= 1 




3560) 



'ADVANCE COUNTERS: 
PCountsPCount-i-1 
countep=oounter-t-1 

i 



13565 IF COUNTER IS AT LOWER RIGHT 
RRST MOLAR, ADVANCE TO UPPER 
LEFT SECOND BlCUSPld 



3570 SETUP P^AMETERSFOh 
PARTICULAR TOOTH [FIG. 2Z-21 



J 



3590 CREATE INITIAL PRORLE AND 
BRACKET TOOL PA-mS fRfi. PJJUl 



X 



3605 CREATE ARCHWIRE SLOT TOOL 
PAT HRG.2Z-41 



3610 CREATE REFERENCE AND 
ACTUAL TOOL PATHS [FIG. 2Z-51 



± 



3625 CREATE CNC MACHINE CODE 
AND WRTTE RLE TO CUT JIGS 
[FIG.. 2Z-6] 



3630 DELETE THE ORIGINAL INSIDE 
TOOL PATH, BRACKET COMPENSATION 
TOOL PATH, ARCHWIRE TOOL PATH 
AND CLEARANCE TOOL PATH 



I 



3635 REDISPLAY ALL UNE OBJECTS 
ASSOCIATED WITH THE CNC CUTTER 
PATH. 




3645 SEND CNC CODE TO TOOL 
. COffTROLLBl AND GUT JIGS. 



EXIT 



FIG.2Z 



SUBSmUTE SHEET 



(RULE 26) 
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(3535> 



'WRfTE MAIN PROGRAMFOR CNC RLE 



a) CLEAR &^RESET: TOaiO INITIAL POSITION 



G00G9OG98Xa0YZOZ2.O 
M03 

690G00X-4SY2i) 

b) CALL LOWER SECOND BICUSPID P-CODE 
AND POSmON FOR RRST BICUSPID P CODE 
EXECUniON THBi CALL P-CODE ROUTINE 

P0101 

G9OX-3.50OO 
P0201 
CONTINUE THROUGH 
WODEilO 
690X3.500S 
P0901 

G90X4.S00O 
PlOOt 

c) TURN OFF SPINDLE, MOVE CUTTER FOR 
FIXTURE CLEARANCE AND POSITION RXTURE 

FOR CHANGE TO UPPER BRACKETS AND 
PAUSE 

M05 

G00G90G98Y2.0 
M01 

d) CONTINUE UPON COMMAND AND PRESENT 
WORKPIECE TO CUTTER: 

M03 

G90600X-4iY2j) 
ejCALL UPPER SECOND BICUSPID P-CODE AND 
POSITION FOR HRST BICUSPID P-eODE 
EXECUTION THEN CALL P-CODE ROUTINE 
PtIOl 

G9OX-^.50OO 

PP1201 

G90X-2.500 

CONTINUE THROUGH P-CODE 120: 

G90X3J00O 

P1901 

G90X4i000 
PP2001 

J TURN OFF SPINDLE. MOVE CUTTER R3R 
FKTURE CLEARANCE, STOP PROGRAM AND 
REWIND TO TOP OF PROGRAM: 
M05 

G00G9OQ98Y^0 
M30 




35701 



IDENTIFY CONSTANTS FOR LOOP: 
BRetBASETHICKNESS; TSx,TSy ARE 
TOOTH SURFACE INTERSECTION WITH 
ARCHWIRE PLANE e.g~ 
IF counter =2, THEN: 
BReMi2BiBT 
TSx=Ll2Blx . . 
TSy4JL2Bi/ 
IF counter =3, THEN: 
BRefeLLIBiBT 
TSx=LL1Bix 
TSy=LL1Biy 



I 



3575 IDENTIFY TOOTH 
NOMENCLATURE AND POSITION OF 
TOOIH ON SCREEN; e.g^ 
IF counter =2, THEN: 
xof=3.0?5; • 
yof=0.055; 

ToothNni$::t-L2 Bicuspid' 



1 


r 


3560 OPEN AND READ 'SEQUENTIAL* 
DATA FILE OBTAIN BEGINNING AND 
END OBJECT NUMBER 






3585 SET WINDO\ 
MOVESCREBJa 

thatparticul;^ 
occupies 


/V SPECIFICATION; 
X)RDINATESSUCH 
R TOOTH PROHLE 
mRESCREBl. 




FIG. 2Z-1 



RG. 2Z-2 
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CREATE. INITIAL INSIDE TOOL PATH (IITP); GENERATE ONE PARALLEL 
UNE LOCATED TOOL RADIUS (ToolRadj INSIDE TOOTH PRORLE LINE. 



3595 CREATE INITIAL BRACKET BASE COMPENSATION TOOL PATH (IBCTP); 

GENERATE ONE PARALLEL UNE LXATED A DISTANCE EQUAL TO THE 
BRACKET BASE DIMENSION (BReQ MINUS THE TOOL RADIUS OUTSIDE EACH 
._ UNE REPRESElNffING THE TOOTH PROFILE (PR. 



3600 CREATE BRACKET BASE THICKNESS COMPENSATION TOOL PATH: 
(a) CONSTRUCT A UNE ABOVE, PARALLEL TO, AND HAU^ THE BRACKET PAD 
HEIGHT (BPH) FROM, THE ARCHWIRE PLANE; 
(b) DETERMINE THE UNE SEGMENT ON THE INSIDE TOOL PATH THAT 

INTERSECTS (a): 

(c) DETERMINE THE UNE SEGMENT ON THE BRACKET BASE COMPENSATION 
TOOL PATH THAT INTERSECTS (a); 
(d) CONNECT THE BEGINNING OF (b) WITH THE END OF (c); 
(e) DELETE UNE SEGMENTS BEFORE (b); 
(0 DELETE AU. UNE SEGMENTS AFTER (c); 
(g) ADD A CUTOFF UNE (COi) TO THE BEGINNING OF THE INITIAL BRACKET . 

BASE COMPENSATION TOOL PATH; 
(h) ADD A CUT OFF UNE (CO2) TO THE END OF THE INITIAL INSIDE TOOL PATH. 



FIG. 2Z-3 m 




CREATE A REFERENCE CLEARANCE PATH (RCP) OF UNE SEGMEMTS 
SPACED 0.080 OUTiSIDE EACH UNE SEGMENT OF THE TOOTH PROFILE; 
CENTER JIG BLANK CIRCULAR OUTUNE ON PROFILE; 



3615 PUCE OUTSIDE TOOL PATH BASE ON 
REFERENCE PATH 



I 



3620 CREATE THE ACTUAL TOOL PATH (TP): 
a) FORM END OF LABIAL CUT OFF LINE COUNTERCLOCKWISE, GENERATE A LINE 
CONGRUENT WITH EACH UNE REPRESENTING THE INSIDE TOOL PATH (fTP), 
THE BRACKET COMPENSATION TOOL PATH (BCTP), THE ARCHWIRE SLOT TOOL 

PATH (ASTPi AND THE CLEARANCE TOOL PATH (OTP); 
(b) FROM END OF THE LABIAL CUT OFF UNE COUNTERCLOCKWISE, GENERATE A 
CIRCLE REPRESENTING THE Endmlll AT EACH END POINT OF (a). 



FIG. 2Z-5 
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P7 CREATE AN ARCHWIRE SLOT TOOL PATH (ASTP): 

(a) DETERMINE THE DISTANCE FROM THE SURFACE OF THE TOOTH IN THE X 
DIRECTION THAT WILL ALLOW A PLASTIC SHIM TO RT INTO THE TORQUE SLOT: 
THE DIMENSIONS OF THE SHIM ARE: 

(torque slot width) X 0.085 X 0.100;. 
LnEnd=:TSx+ElarH).012-i-0.08S-ToolRa(l 
WHERE: UiEncfcoc LOCATION 

Elan = BRACKET In-out (10) 
. (b) CONSTRUCT A LINE ABOVE AND PARALLEL TO THE ARCHWIRE PLANE SUCH 
THAT THE ENDMIU WILL GENERATE A UNE CONGRUENT WITH THE BRACKET 
TORQUE SLOT WALU THE HEIGHT ABOVE THE ARCHWIRE PLANE IS: 
(torque slot wWlh)^ - ToolRad; 
(c) DETERMINE THE LINE SEGMENT ON THE BRACKET BASE COMPENSATION 
TOOL PATH THAT INTERSECTS (a); 
(d) DELETE (b); 

(e) CONSTRUCT A UNE BELOW AND PARALLEL TO THE ARCHWIRE pLaNE SUCH 
THAT THE ENDMILL WILL GENERATE A LINE CONGRUENT WITH THE BRACKET 

TORQUE SLOT WALL- 
THE HEIGHT ABOVE THE ARCHWIRE PLANE IS: 
(toniue slot width)/2 - TbolRad. 
(0 DETERMINE THE UNE SEGMENT ON THE BRACKET BASE COMPENSATION 
PATH THAT INTERSECTS (a): 
THISISP01NT8:P8x,P8y: 
(g) DELETE (e); 

(h) CONSTRUCT A UNE FROM POINT 1 (PIxJ'ly) TO POINT 2 (PIX, iJiEnd • 0.001); 
(i) CONSTRCUT A UNE FROM POINT 2 (PIx, LiEnd - 0.001) TO POINT 3 (PIx + 

2.5ToolRad,ljiEnd- 0.001); 
0) CONSTRUCT A UNE FROM POINT 3 (PIx + 2.5ToolRad, LnEnd - 0.001) TO POINT 4 

(P1x + 2.5ToolRad,U€nd); 
(k) CONSTRUCT A UNE FROM POINT 3 (PIx + 2.5TooIRad, UiEnd- 0.001) TO POINT 4 

(PIx + 2.5ToolRad, LnEnd); 
(I) CONSTRUCT A UNE FROM POINT 5 (P2x - 2.5ToolRad, biEnd) TO POINT 6 (P2x - 

2.5ToolRad, UiEnd - 0.001); 
(m) CONSTRUCT A UNE FROM POINT 6 (P2x - 2.5TooIRad, UiEnd - 0.001) TO POINT . 

7 (P2x, UiEnd - 0.001); 
fn) CONSTRUCT A UNE FROM POINT 7 (P2x. LnEnd • 0.001) TO POINT 8 (PbcPSv) 
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(a) 



(e) 
(0 



3625 CREATE A CNC MACHINE CODE AND WRITE IT TO FILE: 
WRITE PCount GENERATED P-CODE ROUTINE NOMENCLATURE TO FILE: 
IF.PGounte=9,THEN: { PCount$t:str(pcOUrjn; 

strext(count$,PCountio,1); 
strcal(one$,TO',count$): } 
ELSE {d$=slr(PCount); 

strext(count$,d$,0,2); 
slrca^one$,'P",eount$); } 
WRITE(h1,one$); i • • / 

WRITE RAPID TO 0.020 ABOVE WORKPIECE TO FILE "GOO 690 Z.020": 
DETERMINE END OF INITIAL UNE AND NAME AS Pix AND Ply: 
DETERMINE STARTING POSITION RELATIVE TO JIG BLANK CENTER: 

GSWxsPlx-TooIx; 

GStrty=P1Y-Tooly; 

slrcat(two$."G00 G91 X',slr(GStftx),T^tr(6Slity)); 
WRITE{h1,lVH)$); 

CREATING PECKING MOTION TO CLEAR WORKPIECE ENTRANCE 



WRrrE(h1,"601 G90Z-.055F1.0"); 
WRrrE(h!,"G00A.020''); 
WRrrE(h!,'G01 Z-.055 P1.0"); 
CREATE EACH NCREMENTAL MOVe 

AND WRITE TO FILE: 
i=CutStrt+1; 
WHILE i<=CulEnd do 

{ inqobj(l,10,Begx,Begy,Endx,Endy); 
P2x=£ndx; 
P2y=Endy; 

addobj{40,P2x,P2y.ToolRad): 
x=P2x-P1x: 
ysP2y-Ply; 



IF )=CutSlrt + 1 THEN 
{ five$="; 

strcat(five$,'G01 G91 
X"^trO(),T,sWy)."F1.5"y 
" ,five$); } 



(g) 



(h) 



WRITE(h1, 

ELSE 
{ five$=" 
. strcat{five$.X^lf(x).T.str(y)); 
write(h1.rive$); } 
P1x=P2x; 
P1^P2« 
1=1+1- )' 

DETERMINE AND CREATE LAST MOVE TO CLOSE LOOP: 
lnqob](CulStrt,10,Begx,Begy,Endx.Endy); 
addob|(10,Endx-.01,Endy,Endx+.01,Endy); 
a^iaENdx,Endy-.01,Endx,Endy+.01); 

P2y=Endyi 
x=P2x-P1x; 

slrcat(slx$."X'.str(x),T,str<y)); 
WRITE(h1,slx$): 

TURN ON ABSOLUTE TO MOVE .500 ABOVE WORKPIECE AND P-CODE 
WRITE(h1,'GO0G90Z.5"); 
WRITE(h1,"Mi2"); 



FIG.2Z-6 
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P'Wly SMAa CIRCLE FIRST ^ LARGE CIRCLE FIRST 




FIG. 5D 
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hs, ks 



p1x, ply-^ 



hi, kl 



p2x, p2y 



Spline Seg. No. 1 
Circle Seg. Nos. 1 and 2 




,p2x, p2y 



pix, ply 



Spline Seg. No. 2 
Circle Seg.Nds .3 and 4 



FIG. 5G 




p1x, p1y 
Spline Seg. No. 3 
Circle Seg. Nos. 5 and 6 



hi, kl 




FIG.5H 

hs, ks 
p2x,p2y 



ptx, ply 



Spline Seg. No. 4 
Circle Seg. Nos. 7 and 8 



p2x, p2y 




p1x, p1y 



Spline Seg. No. 5 




p2x, p2y 



pix, ply 



Spline Seg. No. 6 



Circle Seg. Nos.9 and 1 0 circle Seg. No/s 1 1 "and 12 



FIG. 51 



FIG. 5J 
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CIRCLE SEGMENTS 



C1 




DCP 



FIG. 5K 

EXPANDED CIRCLE SEGME^^'S 



FIG. 5L 

llx, I1x 




X, End y 



Beg X, Beg y 



CI 



I1x, I1x 

Endx, Endy 




Beg X, Beg y 



FIG. 5M 



CIRCLE 
SEGMENTS 



DCP OF-. 
CENTRAL^ 





EXPANDED 
SETMENTS 



FIG. 50 



MCPOF 
LATERAL 



SUBSTITUTE SHEET (RULE 26) 



DCP 
MCP Una 



FIG. 5N 
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IM PUNE OF OCCLUSION BCP (Z=MCH): 
BFBCE. 




IN MT REFERENCE PLANE MCHP: . 
MTE 

MTPPs (NOT NECESSARILY ON MTE) 
*6CPs AT OR ABOVE MCHP 

^CUSPID TIPS AT CR ABOVE BFBCE IN CRP (Z=MCH+CR) 

PROFILE PLANE COORDINATES: 

Y COORDINATE = Z IN ARCH PIANK El TP 

X COORDINATES LABIAL (U) DIRECTION IN ARCH PLANES • / v-r 





OFFSET, 



^M0(2) 
MCPg 



MTE 
MO 



FIG. 7B 
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MAAF 

— CLEARANCE . FIMOC2 
BFBCE CRuif rUmCi 



FIG. 7D 




FIM0C1 



CE^frRALS 



MAO2 

UTERALS 



CUSPIDS 



FIG. 8 .p,(u.i)7w^8A 




MVO 



MAWP 



BCH5 SPH BCHg 




FIG. 8A 
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FIG. 8F 




FIG. 8H 
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AWP- 

FIG. 91 J 



SLOT 
10 



FIG. 9J 




t U-BPH-J 



FIG. 9K 

TooIRad" 





FIG. 9L 



BRel- 
TooIRad 



(h) 

FIG. 9M 



ENOMILL 

BOTTOM OF 
BRACKET SLOT 

AWP 





FIG. 9N 



SLOTWIDTH 



FIG. 9P 



FIG. 90 




AWP. 
Point 6 



BCTP 

ASTP 

Point 3^ I , Point 4 
Point 2. 

Point i 

Pointer \- Point 5 




FIG. 9V 



FIG. 9W 
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